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BREEDING MOVEMENTS AND REPRODUCTIVE ACTIVITIES
OF PORCUPINES IN THE GREAT BASIN DESERT
Richard Alan Sweitzer1
ABSTRACT.—I assessed movements of North American porcupines (Erethizon dorsatum) in the Great Basin of northwestern Nevada in relation to reproductive activities during the late summer and fall periods of 1991 and 1992. Porcupines exhibit a mate-defense polygynous mating system and I hypothesized that (1) competitively dominant males
would have larger home ranges than both subordinate males and adult females, and (2) variation in home range size
among adult male porcupines would be positively correlated with reproductive success. Results indicated that dominant
male porcupines ranged over larger areas (average 95% minimum convex polygon home range = 20.7 ha) than subordinate males (average 95% MCP home range = 2.9 ha) and adult females (average 95% MCP home range = 8.2 ha).
Analyses of movements in relation to body size and energetic requirements revealed that home ranges of dominant male
porcupines were larger than predicted based on body size (approximately 10.2 ha). Breeding period home ranges of
dominant male porcupines encompassed portions of the home ranges of 3 to 10 adult females, and indices of reproductive success based on observations of mate-guarding behaviors suggested a strong positive relationship between home
range sizes of male porcupines and mating success. Together these data suggested that larger home ranges among dominant males were related to increased mating opportunities and not increased metabolic requirements associated with
larger male body sizes. In the study area, however, female porcupines congregated around small, patchily distributed
riparian areas, and dominant males with relatively small home ranges encompassing riparian areas may have gained
mating access to multiple females. Finally, analyses of overlap among core home ranges (60% MCP) of adult male and
adult female porcupines suggested that both sexes maintained relatively exclusive core home range areas, with males
exhibiting significantly less range overlap with other males (x– = 9.4%) than females with other females (x– = 27.1%). It is
possible that the small, patchily distributed riparian areas in this desertlike area were such a limited resource that
females were unable to maintain exclusive use of their home range areas.
Key words: Erethizon dorsatum, Nevada, mating systems, reproductive behavior.

Movements and spatial use of habitat are
important for elucidating social behaviors and
intraspecific and interspecific relations among
animals (Gaulin and Fitzgerald 1988, Rachlow
et al. 1998). In species with polygynous mating systems, variation in sizes of home ranges
for males and females has been related to differences in body size and access to resources
and mates (Cederlund and Sand 1994, Goodrich
and Buskirk 1998). Home ranges of females
must be large enough to include sufficient food
for successful reproduction, whereas home
ranges of males reflect a strategy to maximize
access to females during the breeding period
(Clutton-Brock 1989). In mate-defense polygynous systems males often course over large
areas in search of females and gain access to
them by dominance displays sometimes associated with direct male-male competition (Berger
and Cunningham 1996). In contrast, the reproductive success of females in these systems is

influenced more by life history constraints and
the energetics of producing surviving offspring
(Emlen and Oring 1977, Robbins 1993, Berger
and Cunningham 1994).
The North American porcupine (Erethizon
dorsatum) is a medium-sized mammal with a
range extending from northern Mexico into
Alaska and Canada (Woods 1973). The mating
system of this species has been characterized
as mate-defense polygyny in which the reproductive success of males depends on the number of females they are able to monopolize
during the late summer–early fall mating season, rather than the amount or quality of resources they control (Roze 1989, Sweitzer and
Berger 1997). Reproductive success among
female porcupines appears more related to life
history constraints (litter size in this species is
invariably one) and the availability of sufficient
resources to meet energetic needs during gestation and lactation (Roze 1989, Sweitzer and
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Holcombe 1993). Associated with mating behaviors, male porcupines do not defend territories, and they range widely during the breeding period (mid-August to mid-November) in
search of pre-estrous females (Roze 1989).
Upon locating a pre-estrous female, several
males may compete for guarding position, with
the dominant male guarding the female for
1–3 days until copulation (Roze 1989). Competition for mate access among males often
escalates from auditory threats and visual displays of incisors to battles in which rivals impale
each other with quills and tear out patches of
the other’s hair and quills by biting (Dodge
1982, Sweitzer and Berger 1997). Thus, home
ranges of dominant male porcupines may overlap the ranges of multiple females as well as
the ranges of other males (Roze 1989). Among
female porcupines home ranges also overlap,
which is interesting because access to sufficient
forage resources is expected to be a key component of female reproductive success. However, some evidence suggests that females maintain exclusive core areas within their home
ranges (Roze 1989).
As part of a larger 5-year study of the population and behavioral ecology of porcupines, I
studied the home range movements and reproductive behaviors of individual porcupines
in the Granite Range of northwestern Nevada
from April 1990 to November 1992. My objective was to test 3 hypotheses related to breeding period movements among mammals with
mate-defense polygyny: (1) males should have
larger home ranges than females during the
breeding period, (2) home ranges among adult
males will be related more to mate access than
to metabolic demands, and (3) competitively
dominant males will have larger home ranges
than subordinate males, which will be positively correlated with indices of reproductive success. I also examined patterns of overlap among
home ranges of males and females to assess
whether female porcupines are more territorial than males associated with the importance
of resource access for females in polygynous
systems.
STUDY AREA
The research site was a 20-km2 enclosed
basin (Granite Basin; 40°44′N, 119°20′W) between 1520 and 1640 m elevation (Fig. 1).
Granite Basin is characterized by sagebrush
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steppe habitat interspersed with juniper trees
( Juniperus osteosperma) and multiple rock outcroppings (Fig. 1). Within Granite Basin there
are 3 small spring areas, which provide important riparian habitat for many vertebrates including porcupines. The riparian habitat around
these springs, hereafter referred to as “groves,”
is a complex of buffalo-berry (Shepardia argentea), willow (Salix sp.), and a variety of other
riparian shrubs and plants (Fig. 1). Porcupines
in Granite Basin focused their activities around
the 3 different groves, which provided forage,
water, protective cover, and den sites. Rock
outcroppings and juniper shrubland also were
used for den sites, and grassland/shrubland
habitats were frequented by porcupines during spring and early summer when emergent
vegetation provided forage (Fig. 1). The 3 grove
areas were spatially separated such that most
individual porcupines included a single grove
area within their home ranges. Movements of
some females and several male porcupines encompassed more than 1 grove area.
MATERIALS AND METHODS
All porcupines in the Granite Basin were
captured and individually marked upon initial
observation; all resident adult males and
females were known. Individual porcupines
were located using dogs, a spotting telescope,
night-vision equipment, radiotelemetry, and
tracking when snowcover was present during
systematic surveys of foraging areas and den
sites. Additional details on surveys used to
assess population sizes are presented elsewhere
(Sweitzer 1996), but population size during the
April to November period was estimated at 75
in 1991 and 46 in 1992. Animals were captured
by ascending trees or approaching their positions in other habitats for immobilizations with
a jab stick loaded with ketamine hydrochloride (dosage 10 mg ⋅ kg–1) and xylazine hydrochloride (4 mg ⋅ kg–1). Each animal was fitted
with a numbered color ear tag (Allflex style
C12334-8 [Dallas, TX], modified and attached
with aluminum self-piercing domestic livestock
ear tags [National Band and Tag Company,
Newport, KY]), weighed, and measured for midsternal chest circumference, middorsal and midventral body length from tip of nose to end of
tail, and length of the left footpad. Ages were
determined from body mass and body dimensions or known from birth (Sweitzer and Berger
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Fig. 1. Aerial photograph of Granite Basin study area showing different habitats used by porcupines including 3 small
grove areas focused around permanent springs, several rock outcroppings, and juniper and sagegrush shrublands. Grove
areas were important habitats for a variety of activities (forage, refuge from predators, den sites, mating activities, etc.);
rock outcroppings were important for den sites; open grassland/shrublands were used for foraging during different periods of the year; and juniper shrubland habitats (interspersed with rock outcroppings) also provided den sites.

1992, 1993). Individuals were periodically recaptured to monitor growth and hormone levels
in blood associated with reproduction (Sweitzer
and Holcombe 1993). Forty-one different porcupines were fitted with radio-collars (AVM
Instrument Company, Livermore, CA; Custom
Electronics, Urbana, IL) during the study period
(April 1991 to December 1993). Only adult-aged
animals (≥18 months) were selected for monitoring by radiotelemetry, due to a research
focus on different aspects of reproduction and
mating behaviors. However, locations of other
porcupines also were noted during the systematic surveys of the study area. Radio-collared
porcupines were located by homing to positions.
Upon visual contact, location information was

recorded and later mapped on a detailed drawing of the Granite Basin study site. Subsequently, Universal Transverse Mercator (UTM) coordinates were assigned to each position (accuracy
estimated at ±10 m), aided by an aerial photograph of the Granite Basin area, which was
registered in a geographical information system (TNT Mips, MicroImages, Inc., Lincoln,
NE). The aerial photograph was prepared by
scanning the image and assigning UTM coordinates to multiple geographical landmarks
obtained from a 7.5-minute United States Geographical Survey map of the area.
In this study I generally had fewer than 25
locations for each individual during the summer to fall period (15 June to 31 November)
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encompassing the breeding season. Boulanger
and White (1990) noted that minimum convex
polygon (MCP) methods can provide reliable
estimates of home range areas when number
of measurements is limited. Therefore, I estimated 95% MCP home range areas for the
porcupines monitored during this study using
the computer program RANGES V (Kenward
and Hodder 1996). Individual animals included
in home range analyses were those for which
≥12 locations were available within the period
from 15 June to 31 November 1992 and 1993.
The “core” region of individual home ranges
(area of intensive use including den sites and
other resources necessary for survival) was
defined as the MCP home range area which
included 60% of an animal’s positions. I selected
the 60% MCP as the core home range based
on examination of multi-range utilization plots
produced by RANGES V (Kenward and Hodder
1996). As detailed by Kenward and Hodder
(1996), home range utilization plots for multiple individuals may be used to identify the
core region of home ranges for animals as the
point at which variation in home range size
tends to a minimum, which is the percentage
of fixes that excludes most excursive activity.
Significant autocorrelation can occur if an animal moves either less or more between sequential locations than between nonsequential
locations, related to an individual’s past experience and knowledge of resources within
home ranges (Powell 1987). To avoid serial autocorrelation, consecutive locations were separated by at least 24 hours.
As part of behavioral monitoring of porcupines during the 1991 and 1992 breeding seasons, I noted mate-guarding episodes between
male and female porcupines and whether males
suffered foreign quill impalements or injuries
(detailed by Sweitzer and Berger 1997). Guarding episodes were defined as close associations
between male and female porcupines (distances
of separation ≤5 m) for 1–3 days during the
mating season. Guarding episodes in this species
are often associated with vocalizations by
females that attract other adult males, sometimes leading to direct male-male competition
for guarding position (Roze 1989, Sweitzer and
Berger 1997). During contests for guarding
position, male combatants often suffer quill impalements and loss of patches of quills from
bites (quill patch injuries). Thus, I used data on
guarding associations, foreign quill impalements,
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and quill patch injuries (noted when animals
were periodically captured during breeding
periods; Sweitzer and Berger 1997) to identify
adult male porcupines that were reproductively active (observed in mate-guarding associations or quilled or injured) or not reproductively active (not observed in mate-guarding
associations nor quilled or injured). Assuming
that males that guarded females were relatively dominant compared to those that did not
guard females, I compared the 95% MCP
home ranges of these 2 classes of males to test
the hypothesis that dominant males would have
larger home ranges than subordinate males
during the breeding period. I also assessed
whether adult male porcupines had larger
95% MCP home ranges than adult females.
North American porcupines are sexually
dimorphic in body size, with adult males in
the study population averaging 35% larger than
adult females during late summer (Sweitzer
and Berger 1997). Thus, potentially larger home
ranges among adult male porcupines may be a
function of increased metabolic requirements
related to body size. To test the hypothesis
that home ranges of male porcupines are larger
than home ranges of females due to mating
behaviors and not simply because of larger
male body sizes, I assessed whether observed
sizes of home ranges for males were equivalent to those that would be predicted based on
energetic requirements (Gehrt and Fritzell
1997, Goodrich and Buskirk 1998). Adult female
porcupines raise offspring without the assistance of males, and female reproductive success is coupled with the availability of sufficient resources to produce surviving offspring.
Therefore, I assumed that sizes of home ranges
of females were set by metabolic demands (the
area used by a female reflected that needed to
satisfy energetic requirements in the Granite
Basin area; Gehrt and Fritzell 1997), and I
used the mean size of observed home ranges
for females to calculate the predicted home
range of males based on body size from the
formula (Sandell 1989):
0.75
female  Mean body mass male
HRmale = HR
___________________________
Mean body mass 0.75
female

Data on body masses for males and females
used in this calculation were the mean body
masses for radio-collared adult females and
radio-collared adult males measured during
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the late summer–early fall time periods of each
year.
To assess the extent to which home range
sizes among adult male porcupines may be
related to reproductive success (e.g., do males
with larger home ranges experience greater reproductive success?), I calculated index scores
of male reproductive success based on (1) the
numbers of adult females included within the
100% MCP ranges of adult male porcupines
during the breeding seasons in 1992 and 1993
and (2) observations of mate-guarding associations (Table 2). It was possible that a few females
that were transient within a male’s range and
within Granite Basin in general were not detected. However, because all resident or transient individuals that were observed were captured and marked and because survey efforts
were intensive and systematic during the breeding period, the minimum number of females
scored as present within an individual male’s
home range likely approached the total (but
see Discussion for individual male R3). The
total number of adult females (radio-collared
and non-radio-collared females) that were
within ranges of individual males was determined by mapping the locations of all females
noted in the period from 1 September to 31
October (most active period of mating activities; Sweitzer and Holcombe 1993; unpublished
data on serum testosterone levels) within the
100% MCP home range outlines of each male
using the range overlap feature of RANGES V.
Observations of mate-guarding associations
then were used to assign point values representing the probability that an individual male
mated with each female observed within his
range. The reproductive success index score
for each male was calculated as the sum of point
values assigned for each female noted within
the range of the male. Assignments of reproductive success point values were as follows:
1.0 if a male guarded a female for at least 2
days, 0.75 if a male guarded a female 1 day
and no other males guarded her, 0.5 if a male
guarded a female but other males also guarded
her, 0.25 if an individual female was observed
within a male’s home range but was not guarded
by the male or observed being guarded by
other males, 0.125 if an individual female observed within a male’s home range was not
guarded by the male but 1 other male guarded
her, and 0 if an individual female observed
within a male’s home range was not guarded
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by the male but at least 2 other males guarded
her (Table 2). A linear regression analysis was
used to assess the relationship between reproductive success index scores and the 95% MCP
home range sizes of adult male porcupines.
Because female mammals require access to
sufficient resources to support energetic costs
of gestation and lactation, female porcupines
may maintain relatively more exclusive territories than male porcupines. To examine potential
differences in home range overlap related to
sex, I calculated overlap of 95% and 60% MCP
home ranges among radio-collared porcupines
using the range overlap analysis options in
RANGES V. Ranges of pairs of animals were
considered to overlap when at least 2% of an
animal’s range was within the range of another.
Statistical analyses of overlapping home ranges
were based on geometric mean overlaps (Minta
1992). For any 2 animals, a and b, the geometric mean overlap was calculated as the product
of the ratios of overlap size to the size of the
home ranges of the individuals (Minta 1992,
1993):

(

)

Overlap area Overlap
area
Mean overlap = ____________
 ____________
Home range a Home range b

0.5

Home ranges of reproductively active males
were compared to home ranges of non-active
males, and both classes of males were compared to females. All comparisons were made
using Mann-Whitney U tests. I pooled predicted
and observed home ranges for reproductively
active males for each year because of small
samples and used a paired t test to compare
predicted and observed sizes of home ranges
of males. Means are presented ± 1 sx–. All statistical analyses were completed with SYSTAT
8.0 (SPSS Inc., Chicago, IL).
RESULTS
Overlays of the 95% MCP home ranges of
adult female porcupines and the composite
95% MCP ranges of adult males on an aerial
photograph of the study area (Figs. 2, 3) illustrate the general pattern of porcupine movements in Granite Basin. All but 1 of 22 adult
female porcupines monitored during the study
occupied a portion of at least 1 grove area during the breeding season (Figs. 2, 3). The composite ranges of 4 and 6 adult male porcupines
in 1991 and 1992, respectively, encompassed
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Fig. 2. Plots of 95% minimum convex polygon home ranges for radio-collared adult female porcupines and a composite 95% MCP home range for radio-collared adult male porcupines in 1991. Home range outlines were overlaid on an
aerial photograph of the Granite Basin study area to illustrate patterns of habitat use in relation to different habitat features (groves, rock outcroppings, juniper shrublands, and grassland/shrublands).

parts, or the entire ranges, of all 22 adult
females. In general, the portions of female and
male home ranges away from grove areas included den sites in rock outcroppings or
juniper trees. Although all 3 grove areas were
used by adult females in 1992, grove area 2
was not used by radio-collared adult females
in 1991.
Home ranges of adult male and adult female
porcupines in Granite Basin during the summer
and fall periods of 1991 and 1992 averaged 15.3
ha and 8.2 ha, respectively (Table 1; MannWhitney U test = 135, df = 1, P = 0.31).
Although all radio-collared adult females were
reproductively active in one or both years, not

all adult male porcupines were reproductively
active (Table 2). Three of the 10 radio-collared
adult males were not detected guarding females
or observed with quill impalements or injuries
(Table 2). In relation to mating activities, reproductively active adult male porcupines ranged
over larger areas than adult females (Table 1;
Mann-Whitney U test = 125, df = 1, P = 0.014),
whereas adult males not involved in mating
activities had smaller home ranges than adult
females (Mann-Whitney U test = 10, df = 1, P
= 0.054) and reproductively active adult males
(Mann-Whitney U test = 19.0, df =1, P =
0.053).
Large home ranges observed among repro-
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Fig. 3. Plots of 95% minimum convex polygon home ranges for radio-collared adult female porcupines and a composite 95% MCP home range for radio-collared adult male porcupines in 1992. Home range outlines were overlaid on an
aerial photograph of the Granite Basin study area to illustrate patterns of habitat use in relation to different habitat features (groves, rock outcroppings, juniper shrublands, and grassland/shrublands).

ductively active male porcupines were not
linked to body size. The average 95% MCP
home range size of reproductively active male
porcupines was 2 times greater than predicted
(10.2 ha) based on body size (t = 2.77, df = 6,
P = 0.032). In contrast, the average 95% MCP
home range size of 3 adult males that were not
active during the breeding season (x– = 2.9 ±
2.0 ha) was over 3 times smaller than predicted (9.0 ha) based on body size (t = –3.14,
df = 2, P = 0.09). However, sizes of core home
ranges of adult male porcupines were similar
to predicted based on body size (Table 1; t =
0.37, df = 9, P = 0.72). The 60% MCP home
ranges of males were pooled in this analysis
because they were similar for both classes of

males.
Although reproductively active adult male
porcupines ranged over larger areas than nonreproductively active adult males (Fig. 2, 3),
they apparently did not encompass more adult
females within their larger ranges. Reproductively active adult males overlapped the ranges
of 7.4 ± 1.1 adult females, whereas non-reproductively active males overlapped the ranges
of 5.7 ± 0.7 (Table 2; Mann-Whitney U test =
14.5, df = 1, P = 0.35). Nevertheless, males
with large home ranges were successful in mating activities because their larger home range
sizes were positively related to indices of
reproductive success based on mate-guarding
associations (adj R2 = 0.77, df = 1,8, P = 0.01;
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TABLE 1. Summary of home range data for porcupines in Granite Basin in summer and fall (June 15 to November 31)
1991 and 1992.

Group

N

Adult males
activeb
inactive
Adult females

10
7
3
22

95% MCP range (ha)
__________________________
Observed
Predicteda
15.3 ± 3.8
20.7 ± 3.7
2.9 ± 2.0
8.2 ± 1.5

60% MCP range (ha)
__________________________
Observed
Predicted

9.9 ± 0.3
10.2 ± 0.2
9.0 ± 0.4

3.3 ± 2.0
4.6 ± 2.8
0.3 ± 0.1
2.1 ± 0.6

2.6 ± 0.1
2.7 ± 0.1
2.4 ± 0.1

aPredicted home range based on body size.
bReproductively active adult males were observed

guarding females during mating seasons and were noted with quill impalements or injuries. Reproductively
inactive adult males were not observed guarding females or noted to have quill impalements or injuries.

TABLE 2. Summary of reproductive activities of adult male porcupines in Granite Basin during the breeding seasons
in 1991 and 1992.
ID

Year

Adult females within
100% MCP range

Number females
observed guarding

Reproductive success
index scores

95% MCP home
range (ha)

W18
013
B1
W3
O67
W5
W3a
B2
Y9
R3

1991
1991
1991
1991
1992
1992
1992
1992
1992
1992

5
5
10
8
10
7
4
10
7
3

0
0
3
3
1
2
3
3
0
3

0
0
3.5
3.125
2.0
2.25
2.75
3.375
0
2.25

0.8
0.9
24.9
28.7
21.1
21.4
0.9
30.3
6.9
17.4

aIdentified as a statistical outlier; see text.

Table 2). The regression analysis identified a
single adult male porcupine as an outlier (W3
in 1992); this male had a small 95% MCP home
range but a relatively high score for reproductive success (Table 2). When this male was removed from the analysis, the fit of the regression model describing the relation between indices to reproductive success and home range
size was significantly improved (y = –0.274 +
0.125x; adj R2 = 0.93, df = 1,7, P = 0.0001).
Data on home range overlaps during the
breeding season suggested that adult female
porcupines in Granite Basin maintained less
exclusive territories than adult males. As illustrated graphically in Figures 2 and 3, the 95%
MCP home ranges of adult female porcupines
overlapped most significantly (average femalefemale 95% MCP range overlap = 20.4 ± 3%)
in and around grove areas. In contrast, average 95% MCP home range overlap among
adult males was only 10.6 ± 4.7%, which suggested a trend for less overlap of 95% MCP
ranges among adult male than among adult
female porcupines (Mann-Whitney U test =

120, df = 1, P = 0.10). Similarly, the 60% MCP
core home range overlap was higher among
adult females (x–= 27.1 ± 3.6%;) than among
adult males (x–= 9.4 ± 2.8%; Mann-Whitney U
test = 22, df = 1, P = 0.008).
DISCUSSION
Previous research on this population indicated that large, dominant male porcupines
that guarded females suffered fewer quill
impalements and injuries than subordinate
males, providing a mechanism for the evolution of sexual size dimorphism in this species
(Sweitzer and Berger 1997). This study extends
our understanding of mating behavior in porcupines by revealing that dominant adult male
porcupines ranged over larger areas than subordinate adult males and adult females, independent of greater metabolic needs related to
larger body size (Table 1). This was important
because the breeding period movements of
dominant males overlapped the home ranges
of 3 to 10 adult females, potentially resulting
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in greater reproductive success among dominant males compared to subordinate males
(Table 2). Roze (1989) noted a similar association between relatively large male porcupines
and reproductive success. Although my data
on indices of reproductive success support a
positive relationship between home range size
and reproductive success in porcupines, mating
access to receptive females by males is gained
primarily by dominance during male-male competition (Sweitzer and Berger 1997) and not
solely by inclusion of females within a home
range. For example, 3 subordinate adult males
in this study moved over areas that overlapped
with 5 to 7 different females, but behavioral
data suggested they were unsuccessful at gaining access to any of those females during the
mating season (Table 2).
Dominant males with large home ranges in
Granite Basin appeared to experience relatively high reproductive success, but results from
2 of these males merit further discussion. One
of these males (R3) had a range which overlapped with at least 3 adult females during the
mating season. However, a significant portion
of this animal’s range extended into a region of
Granite Basin that was not a focal area of research (northeastern area of Granite Basin; Fig
1). Although I occasionally surveyed the northeastern area of Granite Basin for porcupines
during winter when snow conditions facilitated locating animals, I had little information
on porcupines in this area. It is likely that the
range of male R3 overlapped the ranges of several females unknown to the study, and his
reproductive success index score was probably
underestimated. The other male (W3) was
tracked in both 1991 and 1992 (Table 2). In
1992 the range of male W3 was much smaller
than in 1991, but his estimated reproductive
success index score was relatively high in both
years (Table 2). In 1991 the home range of male
W3 encompassed portions of 2 of 3 grove areas
in Granite Basin (Fig. 2), whereas in 1992 his
range was focused around 1 grove area (Fig. 3).
The relatively small grove area encompassed
by the range of male W3 in 1992 was used by
at least 4 different females, and he apparently
had sole access to all of these females because
I detected no other adult males in the area in
1992. Thus, by focusing his activities around a
single small grove area in 1992, male W3 was
able to gain mating access to multiple females
and avoid the energetic cost of moving over a
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larger area in search of mates.
Data on home range overlaps suggested that
female porcupines in Granite Basin were less
territorial than males, even though females
have higher resource requirements for reproduction associated with gestation and lactation.
Overlap of both 95% MCP and 60% MCP home
ranges with other individuals of the same sex
was less for adult male than adult female porcupines. In a study of porcupines in the deciduous forests of northeastern North America,
Roze (1989) found that the non-winter core
home ranges of females overlapped very little
with other females, which he interpreted as
due to agonistic behavior and competition
among unrelated females for resources required
for successful reproduction (natal dispersal is
female-biased in this species; Roze 1989,
Sweitzer and Berger 1998). Roze (1989) further noted that the non-winter ranges of males
overlapped more than those of females, even
though some males appeared to avoid each
other. In our Granite Basin study site several
small grove areas provide critically important
habitat for porcupines (Figs. 2, 3). Both male
and female porcupines congregated around
these grove areas, where they foraged, denned,
engaged in mating activities, and sought refuge
from predators (Sweitzer 1996). It is possible
that the patchily distributed grove habitats
around springs in this desert environment are
such a limited resource that females were
unable to maintain exclusive use of even small
core home ranges. Males, on the other hand,
may have been able to maintain relatively
exclusive home range areas associated with
their large body sizes and dominance.
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CHROMOSOMAL RELATIONSHIPS AMONG THREE SPECIES OF
JACKRABBITS (LEPUS: LEPORIDAE) FROM MEXICO
Consuelo Lorenzo1, Fernando A. Cervantes2, and Julieta Vargas2
ABSTRACT.—We studied differentially stained karyotypes of the leporids Lepus californicus, L. callotis, and L. flavigularis and described their banding patterns of euchromatin to decide whether results fit expectations of chromosomal
rearrangements leading to the karyotypic evolution ancestral of the L. californicus–L. callotis–L. flavigularis lineage.
Results confirmed previous findings on numbers of chromosomes (2n’s) and fundamental numbers (FNs; except for L.
californicus). Homologous G-banding patterns allowed identification of chromosome rearrangements such as pericentric
inversions and addition and deletion of euchromatin. Chromosomal rearrangements that we deduced mostly support
hypotheses on karyotypic changes in the chromosomal evolution of the Lepus ancestral lineage that we examined. The
karyotypic pattern coincides with patterns of geographic variation and distribution of the species examined.
Key words: chromosomes, karyotypic evolution, jackrabbits, Lepus, hares, Mexico.

nia (Hall 1981). The antelope jackrabbit, Lepus
alleni, has a broad distribution in Mexico and
is the largest Mexican jackrabbit. Lepus flavigularis, L. callotis, and L. alleni comprise the
callotis or white-sided jackrabbit group (Flux
and Angermann 1990, Cervantes 1993).
The species of jackrabbits in Mexico are
distinguishable by morphological characters
(Hall 1981, Flux and Angermann 1990). Lepus
flavigularis has a black stripe in the nape, extending back from the base of each ear, and the
upper parts and flanks are white. Lepus callotis has black on the upper part of the tail, and
the dorsal parts and flanks are white. Lepus
californicus, which lacks much white on the
sides, has black on the upper surface of the tail
and black-tipped ears. Lepus alleni is one of
the largest North American jackrabbits; it lacks
black ear-tips, and white extends from the
undersurface well up its sides. There are observable differences in some skull measurements between L. flavigularis, L. callotis, and
subspecies of L. californicus from the Mexican
Plateau. Particularly, the tympanic bullae of L.
flavigularis are smaller than in any other Lepus
species of Mexico, and the lengths of nasals
and palatal bridge are larger than those of L.
californicus and L. callotis (Dixon et al. 1983,
Cervantes and Lorenzo 1997).

Jackrabbits belong to the genus Lepus of
the family Leporidae. The genus has approximately 29 species, is widespread in both the
Old and New World, and is adapted to different habitats (Flux and Angermann 1990).
In Mexico there are 15 species of leporids,
represented by 10 species of rabbits (Romerolagus and Sylvilagus) and 5 species of jackrabbits (Lepus). Two species of jackrabbits are
endemic: the black jackrabbit, Lepus insularis,
restricted to the Espíritu Santo Island in the
southern portion of the Baja California Peninsula (Thomas and Best 1994), and the Isthmus
jackrabbit, Lepus flavigularis, occurring solely
in the Isthmus of Tehuantepec in the southeastern portion of the State of Oaxaca. The
Isthmus jackrabbit is considered the most endangered Lepus species at present (Chapman
et al. 1990, Flux and Angermann 1990, SEDESOL 1994, Baillie and Groombridge 1996) because of poaching and encroachment of agriculture into its habitat (Flux and Angermann
1990). The white-sided jackrabbit, Lepus callotis, is found from central Oaxaca, along the
Sierra Madre to Chihuahua, and East Sonora;
in the United States it is restricted to 2 valleys
in Hidalgo County, New Mexico (Hall 1981,
Flux and Angermann 1990). The black-tailed
jackrabbit, Lepus californicus, has a wide distribution in northern Mexico and Baja Califor-

1Departamento de Ecología y Sistematica Terrestre, El Colegio de la Frontera Sur, Carretera Panamericana y Periférico Sur, sin numero, Apartado Postal 63,
San Cristóbal de las Casas, Chiapas, México 29290.
2Departamento de Zoología, Instituto de Biología, Universidad Nacional Autónoma de México, Apartado Postal 70-153, México, Distrito Federal, México
04510.
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On the basis of morphological and distributional criteria, species of the callotis group are
more closely related to L. californicus than to
any other species of Lepus. Probably, a population of L. californicus became isolated in
Mexico and diverged into L. callotis. Later, a
population of this divergent stock became isolated on the western coastal plain, differentiating further into L. alleni. In a small area in
southeastern Oaxaca, a 2nd isolated population evolved into L. flavigularis (Anderson and
Gaunt 1962), which is morphologically distinctive (Cervantes and Lorenzo 1997).
A morphometric study of jackrabbit species
of North America concluded that L. flavigularis is more similar to L. callotis than to L.
alleni. A further cluster analysis showed only
partial separation of L. californicus and L. callotis, but nearly complete separation between
the clusters of these 2 species and L. flavigularis. This tends to confirm the specific taxonomic rank of L. flavigularis but leaves uncertain the relationships between L. callotis and
the Mexican subspecies of L. californicus (Dixon
et al. 1983, Cervantes and Lorenzo 1997).
Species of Lepus have the same diploid
chromosome number (2n = 48); in addition,
their autosomal arms numbers or fundamental
numbers (FN) are very similar, as are their Gbanded patterns. This means that the genus
Lepus has been chromosomically conserved
through its karyotypic evolution (Robinson
1981). At present, the karyotype and chromosomal classification of the jackrabbit species
examined in this study are known (Lorenzo
1996), but there are no comparisons of their
chromosome bands of euchromatin (G-bands).
The objectives of this paper therefore are:
(1) to compare the non-stained karyotype and
the G-banded pattern in 2 species of the callotis group (L. callotis and L. flavigularis) and L.
californicus of Mexico; (2) to identify the chromosome rearrangements that took place in
these species during their karyotypic evolution;
and (3) to determine if the patterns of geographic
variation and distribution of these species coincide with the karyotypic changes that led to
the chromosomal evolution of the ancestral
lineage L. californicus–L. callotis–L. flavigularis.
MATERIALS AND METHODS
We studied taxa collected from several localities in Mexico: Lepus flavigularis: Santa Maria
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del Mar, Municipio Juchitan, Oaxaca (4 males,
3 females); Lepus callotis: Mazamitla, Municipio
Mazamitla, Jalisco (2 males, 1 female); Lepus
californicus: 20 km ENE de Apizaco, Municipio
Capula, Tlaxcala (4 males, 3 females). Voucher
specimens were deposited as museum specimens (skin, skeleton, and frozen-tissue samples)
in the mammal collection (Coleccion Nacional
de Mamiferos) of Instituto de Biología, Universidad Nacional Autónoma de México, in Mexico City.
Slides with mitotic cells were prepared from
bone marrow following conventional colchicinehypotonic treatment (Baker et al. 1982). We
determined diploid counts (2n) by scoring 25
selected metaphase spreads from each specimen examined and established fundamental
numbers based on number of autosomal arms
(excluding the sex pair) as defined by Patton
(1967). Computation of the centromeric index
and the nomenclature for centromeric position
on chromosomes follow Levan et al. (1964).
G-bands were produced using trypsin and
Giemsa stain according to the method of
DeGrouchy and Turleau (1977). Karyotypes of
the mitotic chromosomes were prepared from
photomicrographs. Individual chromosomal
elements were cut from prints and paired with
their presumed homologue.
RESULTS
The chromosomal complements of Lepus
flavigularis, L. callotis, and L. californicus all
share the same 2n = 48 (Table 1). Lepus flavigularis has an FN of 88; its autosomes are 21
pairs of biarmed chromosomes, with 2 pairs of
uniarmed chromosomes. The X and Y chromosomes are both median and submetacentric
(Fig. 1). Lepus callotis has an FN of 90; its
autosomes are 22 pairs of biarmed chromosomes, with 1 pair of uniarmed chromosomes.
The X chromosome is a median submetacentric, the Y chromosome small subtelocentric
(Fig. 2). Lepus californicus has an FN of 82; its
autosomes are 18 pairs of biarmed chromosomes, with 5 pairs of uniarmed chromosomes. The X and Y chromosomes are both
median and submetacentric (Fig. 3).
Sizes of chromosomes are variable, ranging
from small to large. No secondary constrictions
were observed in any chromosome. Sex chromosomes are biarmed, and compared with their
autosomal counterparts, X chromosomes are
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TABLE 1. Diploid chromosome number (2n), fundamental number (FN), and chromosomal classification in 3 species of
jackrabbits of Mexico; m = metacentric chromosomes; sm = submetacentric chromosomes; st = subtelocentric chromosomes; t = telocentric chromosomes.
Autosomes
_____________________
m
sm
st
t

Species

2n

FN

L. californicus

48

88

L. californicus

48

82

7

4

L. callotis

48

90

5

L. callotis

48

90

L. flavigularis

48

L. flavigularis

48

------21------

Sexual chromosomes
__________________
X
Y

2

sm

t

7

5

6

11

1

5

6

11

1

88

5

4

12

2

88

5

4

12

2

sm
median
m
large
sm
median
sm
large
sm
median

sm
median
t
small
st
small
sm
median
sm
median

Source
Worthington and Sutton
1966
Present study
González and Cervantes
1996
Present study
Uribe-Alcocer et al.
1989
Present study

Fig. 1. Non-differentially stained karyotypes of Lepus flavigularis (m = metacentric chromosomes; sm = submetacentric chromosomes; st = subtelocentric chromosomes; t = telocentric chromosomes; X,Y = sexual chromosomes).

median to large, whereas Y chromosomes are
median to small. Sex chromosomes are the
typical XX/XY mammalian system.
Comparisons between L. californicus and
L. callotis indicate noticeable differences in
autosomal classification that account for the
difference in their FNs (Fig. 4). Differences in
euchromatin among these taxa are explained
by occurrences of 6 pericentric inversions: (1)

chromosome pair 6 is metacentric in L. californicus but submetacentric (pair 10) in L. callotis; (2) chromosome pair 7 is metacentric in
L. californicus, submetacentric (pair 11) in L.
callotis; distribution of euchromatin also indicates that an addition of euchromatin took
place in chromosome pair 11 of L. callotis; (3)
pair 19 is telocentric in L. californicus but subtelocentric (pair 19) in L. callotis; (4) pair 20 is
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Fig. 2. Non-differentially stained karyotypes of Lepus callotis (m = metacentric chromosomes; sm = submetacentric
chromosomes; st = subtelocentric chromosomes; t = telocentric chromosomes; X,Y = sexual chromosomes).

Fig. 3. Non-differentially stained karyotypes of Lepus californicus (m = metacentric chromosomes; sm = submetacentric chromosomes; st = subtelocentric chromosomes; t = telocentric chromosomes; X,Y = sexual chromosomes).
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Fig. 4. Comparison of G-banding patterns. From left to right, each group of chromosomes (large numbers) contains a
chromosome from Lepus flavigularis (FA), L. callotis (CA), and L. californicus (CL). The chromosomal pairs involved in
pericentric inversion are identified with asterisk (*). Letter p denotes chromosomal pairs involved in deletions of
euchromatin segments, and letter a denotes chromosomal pairs involved in additions of euchromatin segments.

telocentric in L. californicus, but in L. callotis
it is subtelocentric (pair 20); (5) chromosome
pair 21 is telocentric in L. californicus, subtelocentric (pair 21) in L. callotis; and (6) chromosome pair 22 is telocentric in L. californicus but subtelocentric (pair 22) in L. callotis
(Fig. 5). Moreover, distribution of euchromatin
also indicates that additions of euchromatin
took place in chromosome pairs 9 and 17 of L.
callotis, and loss of euchromatin took place in
chromosome pair 20 of L. callotis (Fig. 4).
Lepus callotis and L. flavigularis have similar
FNs. The differences in euchromatin among
these taxa are explained by occurrences of 2
pericentric inversions (Fig. 4). Chromosome
pair 10 is submetacentric in L. callotis but
telocentric (pair 23) in L. flavigularis. Distribution of euchromatin also indicates that a loss
of euchromatin took place in chromosome pair
10 of L. flavigularis. Chromosome pair 11 is submetacentric in L. callotis but subtelocentric
(pair 21) in L. flavigularis. Distribution of euchromatin also indicates that a loss of euchromatin took place in chromosome pairs 15
and 17 of L. flavigularis (Figs. 4, 6).
Comparisons of Lepus californicus and L.
flavigularis indicate the FN of L. californicus
is low. Differences in euchromatin between

these taxa are explained by the occurrence of
5 pericentric inversions (Fig. 4): chromosome
pair 6 is metacentric in L. californicus but subtelocentric (pair 20) in L. flavigularis; pair 7 is
metacentric in L. californicus, subtelocentric
(pair 21) in L. flavigularis; chromosome pair
19 is telocentric in L. californicus but subtelocentric (pair 17) in L. flavigularis; likewise,
chromosome pair 20 is telocentric in L. californicus but subtelocentric (pair 18) in L. flavigularis; and pair 21 is telocentric in L. californicus, subtelocentric (pair 19) in L. flavigularis
(Fig. 7).
We constructed a dendrogram on the basis
of 2n, FN, G-bands, and chromosomal rearrangements observed in the evolutionary
lineage of all taxa studied, where the ancestor
of Lepus had 2n = 48 (Fig. 8). In summary, 5
pericentric inversions are considered in the
basal point of the dendrogram, and they all
involved the same chromosome pairs in the
lineage that led to L. callotis and L. flavigularis from the ancestor of L. californicus. Just 3
of these pericentric inversions altered the FN.
Another pericentric inversion is considered
in the ancestral lineage of L. callotis, where the
resulting chromosomal pair involved is unique
in this lineage; this pericentric inversion
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Fig. 5. Differences between G-banded karyotypes of Lepus californicus and L. callotis are explained by 6 pericentric
inversions. L. californicus (CL); L. callotis (CA). Letters a and b represent points where breaks occurs. The symbol 180°
represents a 180° rotation of a chromosome fragment corresponding to a pericentric inversion.

Fig. 6. Differences between G-banded karyotypes of Lepus callotis and L. flavigularis are explained by 2 pericentric
inversions. L. callotis (CA); L. flavigularis (FA). Letters a and b represent points where breaks occurs. The symbol 180°
represents a 180° rotation of a chromosome fragment corresponding to a pericentric inversion.
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Fig. 7. Differences between G-banded karyotypes of Lepus californicus and L. flavigularis are explained by 5 pericentric inversions. L. californicus (CL); L. flavigularis (FA). Letters a and b represent points where breaks occurs. The symbol 180° represents a 180° rotation of a chromosome fragment corresponding to a pericentric inversion.

altered the FN. Two pericentric inversions in
the ancestral lineage of L. flavigularis after
diverging from L. callotis are unique in L.
flavigularis (Fig. 8). One of these altered the
FN and the other did not. There are 2 more
pericentric inversions in the ancestral lineage
of L. flavigularis that did not alter the FN.
Distribution of euchromatin indicates 3
additions and 1 deletion of euchromatin in
chromosomal pairs of L. callotis in the ancestral lineage of L. californicus–L. callotis, and 3
deletions of euchromatin in chromosomal pairs
of L. flavigularis in the ancestral lineage of L.
callotis–L. flavigularis (Fig. 8).

DISCUSSION
Our findings on the 2n and FN of L. flavigularis, L. callotis, and L. californicus are similar to karyotypes reported in previous studies
(except the FN of L. californicus).
Lepus californicus has the lowest FN (82)
compared with L. flavigularis (88) and L. callotis (90). The most similar FNs were those of L.
callotis and L. flavigularis. This is supported
by the difference of only 1 pair of uniarmed
chromosomes between them. Morphology of
the X chromosome in the species of jackrabbits studied is in accord with the general
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Fig. 8. Dendrogram showing chromosomal relationships among Mexican jackrabbits. Points where hypothetical chromosomal rearrangements occurred are illustrated. 2n = diploid chromosome number; FN = fundamental number.

patterns of the genus Lepus because all species
share a median submetacentric X chromosome
(with exception of L. callotis in González and
Cervantes 1996). In contrast, the morphology
of the Y chromosome is more variable. Previous reports indicate this chromosome is small
telocentric, but our study found it submetacentric to telocentric in the species examined
herein. Lepus flavigularis and L. californicus
each present a medium Y chromosome.
Our results on morphology of autosomes and
sexual chromosomes differed from previous
reports. This turns out to be remarkable in L.
californicus regarding differences in biarmed
and uniarmed chromosomes (Worthington and
Sutton 1966) and in morphology of the Y chromosome. Lepus californicus has a broad distribution in Mexico and the United States, and
within-species comparisons of chromosomal
morphology have included different subspecies
from distant, isolated localities. There are differences in chromosomal structure of sexual

chromosomes in L. californicus (González and
Cervantes 1996), and the size of the X chromosome is different in L. flavigularis (UribeAlcocer et al. 1989). These differences could
depend on the classification system used by
each author and on the inter-individual variation in how chromosomal measurements where
made.
In general, the G-banding patterns of the
jackrabbit species were clear and consistent.
Our results are consistent with previous findings on the karyotypic characteristics of these
species and support predictions on the types
of chromosomal rearrangements. Similar patterns of chromosomal changes have taken place
in other lagomorph lineages. Particularly, paracentric inversions are the mechanisms of change
in Lepus and additions of heterocromatin in
lagomorphs (Stock 1976).
The extant species of jackrabbits, of course,
inherited their chromosomal complements from
their ancestors. However, this does not mean
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that their present complements are the same
as those of their ancestors. The chromosomal
rearrangements documented in this study illustrate changes fixed through the chromosomal
evolution of the genus Lepus.
Between L. californicus and L. callotis exists
a difference in 4 pairs of uniarmed chromosomes, due to 4 pericentric inversions that
changed uniarmed into biarmed chromosomes
in the ancestor of L. callotis. Lepus callotis also
exhibits 2 fewer pairs of metacentric chromosomes due to 2 pericentric inversions.
Lepus callotis and L. flavigularis differ in
only 1 pair of biarmed chromosomes, due to 1
pericentric inversion that changed 1 pair of
biarmed into uniarmed chromosomes in the
ancestor of L. flavigularis. Lepus flavigularis
also has 1 more pair of subtelocentric chromosomes due to another pericentric inversion.
Lepus californicus differs from L. flavigularis in having 3 more pairs of uniarmed chromosomes. Three pericentric inversions of uniarmed chromosomes changed them to biarmed
in the ancestor of L. flavigularis. Two further
pericentric inversions resulted in 2 fewer pairs
of metacentric chromosomes in the ancestor of
L. flavigularis.
This is the first study of differentially stained
karyotypes that addresses the karyotypic evolution of Lepus from Mexico. Our data indicate that the species of jackrabbits studied are
closely related, particularly L. callotis and L.
flavigularis. They have a similar FN and a
lower number of chromosomal rearrangements.
This indicates closer evolutionary development
between these 2 species with a common origin
derived from 1 ancestral karyotype. Our results
confirm the hypothesis on karyotypic changes
that led to the chromosomal evolution ancestral of the Lepus lineage examined; they also
coincide with reported patterns of morphological differentiation and species distribution of
the sequence: L. californicus–L. callotis–L.
flavigularis (Fig. 8).
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BENTHIC INSECT FAUNA OF A CLEAN-WATER STREAM
ON UTAH’S COLORADO PLATEAU, USA
C.A. Brammer1 and J.F. MacDonald2
ABSTRACT.—Extensive collecting using a variety of methods was conducted in 1994 and 1995 in association with
Pleasant Creek in south central Utah, USA, in an effort to inventory the aquatic insects. Collecting efforts yielded 133
insect taxa from 12 sample sites in 8 study areas from near the headwaters of Pleasant Creek and downstream to where
it flows out of Capitol Reef National Park. Applying Protocol III methodology of Plafkin et al. (1989), we determined
species assemblages of benthic insects and calculated selected ecological indices based on monthly collections from
March through August 1994. Richness, equitability index, and mean diversity index values at all sample sites approached,
or were greater than, the generally accepted values for clean-water streams in the mountains of the western United States.
Key words: benthic insects, faunistic inventory, species assemblages, Capitol Reef National Park, Utah.

study area (1630 m) where it flows out of Capitol Reef National Park, approximately 25 km
from its source. The stream channel continues
for about 5 km until it meets the Fremont
River, but this lower reach of Pleasant Creek
is dry much of the year due to draw-down for
irrigation.
The upper reaches of Pleasant Creek flow
through a mixed-coniferous forest, with nearly
100% canopy. The canopy begins to open at an
altitude of about 2300 m and decreases
steadily down to an altitude of about 2000 m
where the stream is completely exposed to
direct sunlight, except for limited stretches
where steep canyon walls provide partial
shade. Starting at an altitude of approximately
2500 m, Pleasant Creek largely is confined within a steep-walled canyon carved into Mesozoic
sedimentary strata. Over most of its course,
Pleasant Creek ranges from 2 m to 4 m in width
and 0.5 m to 1.0 m in depth.
Pleasant Creek has not experienced modifications by humans great enough to alter its
permanency or flow regime, except immediately downstream from the east boundary of
Capitol Reef National Park. In this downstream
stretch, nearly the entire flow is diverted for
use by ranchers who acquired water rights in
the late 1800s or early 1900s. The only upstream
modification occurs approximately 5.5 km
below the headwaters and just upstream from
Utah State Highway 12. Here, Pleasant Creek

This study reports on the insect fauna of
Pleasant Creek, a perennial stream flowing
through Capitol Reef National Park that terminates in the Fremont River in south central
Utah, USA. Pleasant Creek is 1 of only 3 streams
that flow through Capitol Reef National Park
and the only one that appears to have experienced little degradation associated with the
activities of humans and livestock.
One objective of our study was to inventory
the aquatic insects associated with Pleasant
Creek from near its headwaters and downstream to where it flows out of Capitol Reef
National Park. Another objective applied at
selected sample sites was to determine species
assemblages of benthic insects and document
dominant taxa.
STUDY STREAM
Pleasant Creek originates on Boulder Mountain in Garfield County, Utah, on an andesite
formation known as the Aquarius Plateau,
which ranges in altitude from about 3600 m to
3800 m. In wet years flow exists in meadows
on top of the Aquarius Plateau and then cascades down a nearly vertical, 100–150 m escarpment. More substantial headwaters begin below
the escarpment where several first-order
streams join. Pleasant Creek is a first-order
stream at the highest study area (2900–2920
m) and a third-order stream at the lowest
1Department of Biology, Utah State University, Logan, UT 84322.
2Department of Entomology, Purdue University, West Lafayette, IN 47907.
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Fig. 1. Locations of 8 study areas and 12 sample sites on Pleasant Creek, Utah, USA.

is diverted into a channel constructed in 1903
and 1904, from which a relatively small volume is directed into a man-made reservoir.
Below this diversion the vast majority of
Pleasant Creek flow is returned to its original
streambed.
Other potentially adverse influences on
Pleasant Creek include the harvesting of isolated sections of coniferous forest at higher
altitudes and removal of expansive stands of
pinyon/juniper forest above the stream channel upstream from Capitol Reef National Park.
Cattle constitute another impact, with approximately 300 head being driven up Pleasant
Creek early each spring to grazing land on
Boulder Mountain and then driven down in
late summer. Erosion and siltation have not
occurred, however, and riparian vegetation
along Pleasant Creek in Capitol Reef National
Park has been categorized as “largely unaltered,” consisting almost exclusively of native
species (Barth and McCullough 1988).
METHODS
We established 8 study areas along a 25-km
course of Pleasant Creek, from approximately
3 km below its headwaters on Boulder Mountain to immediately upstream from the east

boundary of Capitol Reef National Park (Fig.
1). Each study area is a discrete region of the
stream in which we collected insects in the
water and adults just above and along the banks.
Twelve sample sites were established, each of
which, designated by a capital letter, includes
an extensive stretch of riffle zone in which we
collected benthic insects in accordance with
Protocol III sampling of Plafkin et al. (1989;
see below). One study area near the headwaters includes 3 sample sites (A–C) but was collected only once, in August 1995, when it was
possible to reach this area. Another study area
was established in a high-use location within
Capitol Reef National Park and includes 3
sample sites (I–K). All other study areas include
1 sample site. Study areas and sample sites with
their approximate altitudes (Fig. 2) include the
following: A–C (2920–2900 m), D (2820 m), E
(2680 m), F (2120 m), G (2000 m), H (1900 m),
I–K (1770 m), and L (1630 m). Collections at
all sample sites except A–C and D were made
at least at approximately monthly intervals
from late March through mid-August 1994. A
more precise sampling interval for all sites was
not possible due to logistics, including long
distances between study areas, most of which
involved a 4-wheel drive or hiking (A–C, D, F,
G, H, and L). Snow at higher altitudes and
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Fig. 2. Locations and approximate altitudes of study
areas and sample sites on Pleasant Creek: A–C (2920–
2900 m), D (2820 m), E (2680 m), F (2120 m), G (2000 m),
H (1900 m), I–K (1770 m), and L (1630 m).

muddy roads at times precluded or delayed
access to several study areas in 1994. All sample sites were sampled at least once in August
1995, with sample sites I–K also sampled once
in March 1995 and once in June 1995.
Protocol III methodology prescribed by
Plafkin et al. (1989) was adopted as the primary sampling procedure in compliance with
requests from resource management specialists
at Capitol Reef National Park. This approach
to collecting benthic insects employs a kicknet constructed of window screen (1-mm2
mesh) placed within a riffle run, above which
approximately 1 m2 of substrate is displaced
by foot. Where possible, substrate consisting
primarily of gravel and cobble was selected,
but sample sites at higher altitudes involving
faster current tended to include eroded substrate consisting mostly of large cobble and
small boulders. Based on parameters presented
in appendix A-1 of Barbour et al. (1999), sample
sites A–C, D, E, and F included approximately 50% boulders/50% cobble; sample sites
G–H approximately 30% boulders/60% cobble/
10% gravel-sand; and sample sites I–K and L
approximately 10% boulders/60% cobble/30%
gravel-sand.
Preliminary assessment of collections made
during the process of selecting study areas in
1994 suggested that a modification of Protocol
III methodology (Plafkin et al. 1989) would
result in more uniform sampling with little
additional effort. Therefore, instead of a single
kick-net sample, we took 3 samples in 3 different portions of a riffle, working upstream. Collected specimens from the 3 kick-net samples
were pooled in the field, large debris removed,
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and specimens placed in a zip-type bag. Each
bag was placed in a cold chest for transport to
the lab, where live specimens were removed
and preserved in 70% ethyl alcohol.
Supplemental collecting also was conducted
in each study area following the collection of
Protocol III samples. Implemented in an effort
to inventory the entire stream, supplementary
collecting included displacing the substrate in
the following habitats: along sides of the streambed that were partially undercut, in depositional zones, and immediately downstream from
large boulders that were displaced by hand.
Supplemental collecting also involved using
kick-nets of small mesh (0.5 mm2) in all habitats plus picking specimens off small boulders
and driftwood removed from the water.
Malaise traps (available from BioQuip Products, bioquip@aol.com) based on the design of
Townes (1962) were positioned across or along
Pleasant Creek adjacent to 3 sample sites (D,
G, and I) from late March to mid-August 1994.
We removed specimens from alcohol reservoirs
in the traps at approximately monthly intervals. Adult insects also were collected in 1994
and 1995 by sweeping streamside vegetation
and by mouth-aspiration of specimens found
on rock surfaces of stream banks and on emergent rocks in Pleasant Creek.
Using North American faunal keys (Baumann et al. 1977, Edmunds et al. 1976, Merritt
and Cummins 1996, Stewart and Stark 1993,
Wiggins 1977, 1996), we sorted to genus the
larvae and adults of nearly all taxa. When possible, specimens were identified to species
using regional references and specialized keys.
Representative specimens of genera and species
were sent to various authorities for verification
of identification and nomenclature, all of whom
are listed in the acknowledgments. Voucher
specimens are deposited in the Purdue University Entomological Research Collection,
West Lafayette, Indiana, USA.
Calculations
Subsets of the pooled Protocol III samples
were used to obtain an unbiased estimate of
the percent composition of taxa in each Protocol III sample, based on a procedure presented by Hilsenhoff (1987). All specimens in
a subset were identified to species if possible,
with undetermined species within a genus
being coded and treated as “operational taxonomic units” (OTUs). The subset process was
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repeated 3 times for each Protocol III sample
and an average value determined for each
species and OTU. These values were the basis
for determining assemblages and calculating
indices.
We calculated richness, Shannon-Wiener
diversity index (Shannon and Weaver 1963),
and evenness or equitability (Klemm et al. 1990)
for each Protocol III sample. These data were
selected as measures of the benthic insect fauna
of Pleasant Creek to provide baseline data, to
provide data for comparisons with similar
streams, and to provide data for use in future
bioassessment. Richness represents the number of species and OTUs present at a sample
site. The Shannon-Wiener diversity index is a
method of assembling data into an indicator
value which potentially can be used for comparative purposes, although its value has been
questioned (e.g., Washington 1984). Evenness
or equitability is an indicator of how evenly
individuals of different taxa are distributed
with respect to numbers of species.
RESULTS AND DISCUSSION
Inventory
The inventory of aquatic insects collected
by Protocol III sampling and supplementary
collecting in Pleasant Creek totaled 133 OTUs,
primarily larvae, with 44 identified to species
and the remainder identified to genus, except
for certain taxa of Diptera (Table 1). Adults of
52 species were collected in Malaise traps, in
streamside vegetation, and from rock surfaces
associated with Pleasant Creek, including 21
species of Trichoptera, 15 species of Plecoptera, 6 species of Coleoptera, and 10 species of
Diptera (Table 2). We were unable to identify
adults of Diptera to species, except for Empididae (determined by JFM). Species identification of Ephemeroptera captured in Malaise
traps was not possible because all specimens
were subimagos.
Individuals of 123 taxa were captured in
Protocol III samples. The 10 taxa not represented in Protocol III samples were larvae
captured during supplemental collecting in
habitats that included cutbanks and woody
debris submerged along the stream bank. Only
3 species collected in Protocol III samples
were not captured in supplementary samples:
Bibiocephala sp., Allognosta sp., and Oligophlebodes sp.
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Relatively few taxa were collected in Protocol III samples at all study areas: Epeorus
longimanus, Ephemerella sp., Bezzia sp., and
Metachela sp. and/or Neoplasta spp. Two
species of Ephemerella, E. infrequens and E.
inermis, are known to exist in the region, but
larvae could not accurately be separated at the
time of our analyses. Larvae of E. infrequens
generally occur at higher elevations and larvae
of E. inermis at lower elevations, with the latter being more likely to exist in Pleasant Creek
(W.P. McCafferty personal communication).
Larvae of Metachela and Neoplasta now have
been differentiated (MacDonald and Harkrider
1999), but this was not possible during analyses of Protocol III samples. Larvae of both
genera now are known to occur in all sample
sites.
Larvae of 21 taxa were collected at only 1
study area and 7 were collected in a single
sample. Those of Heptagenia elegantula may
represent an incorrect identification as they
resemble the more commonly collected larvae
of H. solitaria (McCafferty et al. 1993). A larva
of Ameletus sp., tentatively identified as A.
velox, was captured in an early supplemental
sample, but it was not taken in any subsequent
collection. Larvae of Oligophlebodes sp., Psychoglypha sp., Laccobius sp., Nemotelus sp.,
and Tabanus sp. also were collected only once.
Larvae of the remaining 14 taxa collected at 1
study area were taken in more than one Protocol III sample. Those identified as Alisotrichia
sp. have not been verified, but representatives
of this genus have been reported from Utah
(Flint 1970). Beetle adults representing 2 genera of Hydrophilidae may have flown in from
another aquatic habitat since larvae of these
genera were not collected in Pleasant Creek.
Other taxa reported from only a single study
area, but taken in more than one Protocol III
sample, include Taenionema pallidum, Hydroptila sp., Leucotrichia sp., Hesperophylax sp.,
Allognosta sp., Limonia sp., Limonia cf. defuncta,
Ormosia sp., Pedicia sp., Bibiocephala sp., and
Trichoclinocera sp.
Relative Abundance of Taxa
Combined relative abundance of ordinal
level taxa in Protocol III samples in 1994 and
1995 is shown in Figure 3. Larvae of Ephemeroptera accounted for over 40% of individuals at all sample sites. Based on numbers of
individuals, Ephemeroptera was the dominant
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TABLE 1. Inventory of insects in Pleasant Creek, Utah, based on Protocol III samples (Plafkin et al. 1989) and supplemental collecting in Pleasant Creek. See Methods and Figure 2 for details pertaining to altitudes. x = lavae; * = adults.
Study areas

A–B

Ephemeroptera
AMELETIDAE
Ameletus sparsatus
x
Ameletus velox
BAETIDAE
Acentrella insignificans
Baetis bicaudatus
x
Baetis notos
Baetis tricaudatus
Fallceon quilleri
Pseudocloeon apache
EPHEMERELLIDAE
Drunella coloradensis
x
Drunella doddsi
Drunella grandis
Ephemerella sp.
x
HEPTAGENIIDAE
Cinygmula sp.
x
Epeorus longimanus
x
Heptagenia elegantula
Heptagenia solitaria
Rhithrogena robustus
Rhithrogena sp.
LEPTOHYPHIDAE
Tricorythodes minutus
LEPTOPHLEBIIDAE
Choroterpes inornata
Paraleptophlebia debilis
Paraleptophlebia memorialis
Paraleptophlebia vaciva
Odonata
CALOPTERYGIDAE
Hetaerina americana
COENAGRIONIDAE
Argia vivida
GOMPHIDAE
Ophiogomphus severus
Hemiptera
NAUCORIDAE
Ambrysus sp.
Cryphocricos sp.
NOTONECTIDAE
Notonecta sp.
Plecoptera
CAPNIIDAE
Capnia sp.
CHLOROPERLIDAE
Plumiperla diversa
x
Suwallia sp.
Sweltsa sp.
x
LEUCTRIDAE
Paraleuctra sp.
x
Perlomyia sp.
NEMOURIDAE
Amphinemura sp.
Malenka sp.
x
Prostoia besametsa
Zapada haysi
x
PERLIDAE
Hesperoperla pacifica

C

D

E

F

x

x

x
x

x

x

x

x

x
x

x
x

x
x

x

x

x
x

G

H

x

x

x

x
x

x

x

x

x
x
x

x
x

x
x

x
x

x
x

x
x

x
x

x
x

x

x
x

x

x
x
x

I–K

L

x

x

x
x
x
x

x
x
x

x
x

x
x

x

x
x
x

x

x

x

x

x

x

x

x
x

x

x

x
x
x
x

x

x

x

x
x
x

x
x
x

x

x
x

x
x

x

x
x
x

x

x
x

x

x

x

x

x

x

x

x

x

x

x
x

x

x

x

x

x

x
x

x
x

x
x

x

x

x

x

x

x

x

x

x

x
x
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TABLE 1. Continued.
Study areas

A–B

PERLODIDAE
Isogenoides zionensis
Isoperla sp.
x
Megarcys signata
x
PTERONARCYIDAE
Pteronarcella badia
TAENIOPTERYGIDAE
Taenionema pallidum
Taenionema sp.
Trichoptera
BRACHYCENTRIDAE
Brachycentrus americanus
Micrasema bactro
Micrasema onisca
GLOSSOSOMATIDAE
Glossosoma spp.
HELICOPSYCHIDAE
Helicopsyche sp.
HYDROPSYCHIDAE
Arctopsyche sp.
Ceratopsyche sp.
Hydropsyche sp.
HYDROPTILIDAE
Alisotrichia sp.?
Hydroptila sp.
Leucotrichia sp.
Ochrotrichia spp.
LEPIDOSTOMATIDAE
Lepidostoma sp.
LEPTOCERIDAE
Triaenodes sp.
LIMNEPHILIDAE
Amphicosmoecus canax
Chyranda centralis
Hesperophylax sp.
Limnephilus sp.
Onocosmoecus sp.
x
Psychoglypha sp.
PHILOPOTAMIDAE
Dolophilodes sp.
RHYACOPHILIDAE
Rhyacophila angelita
x
Rhyacophila brunnea
x
Rhyacophila coloradensis
Rhyacophila harmstoni
x
UENOIDAE
Neothremma sp.
x
Oligophlebodes sp.
Coleoptera
DRYOPIDAE
Helichus striatus
DYTISCIDAE
Agabus sp.
ELMIDAE
Cleptelmis ornata
Heterlimnius corpulentus
Microcylloepus pusillus similis
Narpus concolor
Optioservus quadrimaculatus
HALIPLIDAE
Peltodytes sp.

C

D

E

F

x
x

x
x

x
x

x
x

x

x

x

x
x

x

x

G

H

I–K

L

x
x

x
x

x
x

x

x

x

x

x

x

x

x

x
x
x

x

x

x

x
x

x
x

x

x

x
x
x

x
x
x

x

x

x
x

x

x
x

x

x
x
x

x

x

x

x

x

x
x
x
x

x

x

x
x

x
x

x
x

x

x

x

x

x

x
x
x

x

x

x

x
x

x
x
x
x
x

x
x

x

x
x
x
x

x

x

x

x
x

x
x

x*

x*

x*

x

x
x
x

x

x

x

*

*

x*
x*

x*
x

x*
x*

x*
x*

*

*
*
x
x*
*

*

*

x

*

x*
*

x*

x*

x*
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TABLE 1. Continued.
Study areas

A–B

HYDROPHILIDAE
Berosus sp.
Hydrobiomorpha sp.
Hydrobius sp.
Hydrophilus sp.
Laccobius sp.
Diptera
ATHERICIDAE
Atherix pachypus
BLEPHARICERIDAE
Bibiocephala sp.
CERATOPOGONIDAE
Bezzia sp.
x
CHIRONOMIDAE
CHIRONOMINAE
Chironomini
x
Demicryptochironomus sp.
Polypedilum sp.
Pseudochironomus sp.
Rheotanytarsus sp.
x
Tanytarsini
DIAMESINAE
Diamesinae
x
Pagastia sp.
ORTHOCLADIINAE
Cardiocladius sp.
x
Cricotopus sp.
Eukiefferiella sp.
Lopescladius sp.
Orthocladius sp.
Orthocladiinae
x
TANYPODINAE
Conchapelopia sp.
Meropelopia sp.
Thienemannimyia complex
DIXIDAE
Dixa sp.
x
EMPIDIDAE
Hemerodromia sp.
Metachela/Neoplasta spp.
Oreogeton sp.
Roederoides sp.
Trichoclinocera sp.
Wiedemannia sp.
PSYCHODIDAE
Pericoma sp.
SIMULIIDAE
Prosimulium sp.
x
Simulium spp.
STRATIOMYIDAE
Allognosta sp.
Caloparyphus sp.
Nemotelus sp.
TABANIDAE
Tabanus sp.

C

D

E

F

G

x
*

H

I–K

x

*
x

L

*
x

x

x

x

x

x

x

x

x

x
x
x
x
x

x
x

x

x

x

x

x

x

x

x

x
x
x
x

x

x

x

x

x

x

x
x

x

x
x
x
x
x
x
x

x

x
x
x
x
x
x
x

x
x

x

x

x

x

x
x

x
x
x

x

x
x

x
x
x

x
x

x
x
x

x

x

x

x

x
x

x
x

x
x

x
x

x
x
x

x
x

x

x
x
x

x
x

x
x

x

x
x
x
x

x
x

x
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TABLE 1. Continued.
Study areas

A–B

TIPULIDAE
Antocha monticola
Dicranota sp.
Gonomyia sp.
Hesperoconopa sp.
Hexatoma sp.
Limnophila sp.
x
Limonia sp.
Limonia cf. defuncta
Ormosia (Scleroprocta) sp.
Pedicia sp.
Rhabdomastix
cf. trichophora group
Tipula (Beringotipula) sp.
Tipula (Sinotipula)
cf. commiscibilis group

C

D

E

F

G

H

I–K

L

x

x
x

x
x
x
x
x
x

x
x

x
x

x
x
x

x
x

x
x
x

x
x

x

x

x

x
x
x
x
x
x

x

x

x
x

x

x

could serve as indicator taxa at a specific collecting site. The 5 most abundant taxa at each
sample site are presented in Tables 3 and 4,
but data on the relative percentage of all taxa
at all sample sites are available upon request.
Only a single collection was possible at sample
sites A–C (2920–2900 m), on 10 August 1995,
due to travel restrictions in 1994. Baetis bicaudatus, Cinygmula sp., Drunella coloradensis,
and Neothremma alicia were abundant at all
sample sites.
Richness, Diversity, and
Equitability

Fig. 3. Relative abundance of insect orders based on
Protocol III samples (Plafkin et al. 1989) for 1994 and
1995.

taxon except at sample site D (2820 m) where
Trichoptera were nearly as numerous. Larvae
of Trichoptera, Plecoptera, or Diptera tended
to be the next most abundant at all other sample sites except G (2000 m), where larvae and
adults of Coleoptera were nearly as numerous.
A given order in a sample tended to be
heavily represented by only one or a few
species, one or more of which potentially

Protocol III samples provided the basis for
calculating richness, diversity, and equitability,
with values at all study areas summarized in
Tables 5 and 6. It was not possible to conduct
an equal number of samples at all study areas
due to differences in accessibility and emphasis on more frequent sampling at the 3 sample
sites in study area I–K within Capitol Reef
National Park. Accordingly, although data on
numbers of taxa collected may be indicative of
richness, they cannot be used to compare one
study area with another. However, total taxa,
range in taxa, and mean number of taxa collected per sample suggest relative richness at
all sample sites (Fig. 4).
Mean diversity values at all sample sites in
1994 ranged from 2.85 to 3.9 (Table 5). Such
values approach or exceed the reference value
of 3.0 considered by Wilhm (1970) and Wilhm
and Dorris (1968) to be reflective of cleanwater streams in the western United States.
Even the low end of the range of diversity
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TABLE 2. Species collected as adults in Malaise traps, in riparian vegetation, and on rock surfaces associated with Pleasant
Creek in 1994 and 1995.
Plecoptera
CAPNIIDAE
Capnia confusa
CHLOROPERLIDAE
Plumiperla diversa
Suwallia pallidula
Sweltsa coloradensis
LEUCTRIDAE
Perlomyia utahensis
NEMOURIDAE
Amphinemura mogollonica
Malenka coloradensis
Prostoia besametsa
Zapada haysi
PERLIDAE
Hesperoperla pacifica
PERLODIDAE
Isogenoides zionensis
Isoperla sobria
Megarcys signata
PTERONARCIDAE
Pteronarcella badia
TAENIOPTERYGIDAE
Taenionema pallidum
Trichoptera
BRACHYCENTRIDAE
Brachycentrus americanus
Micrasema bactro
Micrasema onisca
GLOSSOSOMATIDAE
Glossosoma ventrale
Glossosoma verdona
HYDROPSYCHIDAE
Ceratopsyche oslari
Hydrospyche occidentalis
HYDROPTILIDAE
Hydroptila rono
Leuchotrichia pictipes
Ochrotrichia logana
Ochrotrichia lometa
Ochrotrichia stylata

indices was near or above 3.0 at all sample
sites except I–K (see below for a possible explanation). Mean equitability values for all
sample sites in 1994 were between 0.52 and
0.77 (Table 5). Such values exceed the value of
0.5 generally considered to be reflective of
clean-water streams (Klemm et al. 1990). Mean
diversity indices (Fig. 5) and mean equitability
values (Fig. 6) are greater at higher altitudes,
decrease down to sample site H, remain relatively constant through sample sites I–K, but
increase again at sample site L. Higher values
at sample site L were not expected because
the range of water temperatures was the greatest we measured and the area appeared to be
the most heavily impacted by cattle. Higher di-

LEPIDOSTOMATIDAE
Lepidostoma unicolor
LIMNEPHILIDAE
Amphicosmoecus canax
Chyranda centralis
PHILOPOTAMIDAE
Dolophilodes aequalis
RHYACOPHILIDAE
Rhyacophila angelita
Rhyacophila brunnea
Rhyacophila coloradensis
Rhyacophila harmstoni
UENOIDAE
Neothremma alicia
Coleoptera
DRYOPIDAE
Helichus striatus
ELMIDAE
Cleptelmis ornata
Heterlimnius corpulentis
Microcylloepus pusillus similis
Narpus concolor
Optioservus quadrimaculatus
Diptera
EMPIDIDAE
Hemerodromia burdicki
Metachela collusor
Neoplasta concava
Neoplasta hansoni
Neoplasta octoterga
Neoplasta paramegorchis
Neoplasta scapularis
Oreogeton scopifer
Trichoclinocera dolicheretma
Wiedemannia undulata

versity values at such a site may not be unusual,
however, because total community diversity is
theoretically greatest where temperature variations tend to be higher (Vannote et al. 1980)
and increased organic input from cattle, below
the point of detrimental eutrophication, may
have facilitated increased richness (Denoncourt
and Polk 1975).
As reported above, richness, diversity, and
equitability values for all collection dates at
individual sample sites were greater than the
generally accepted values indicative of a cleanwater stream, except for sample sites H and I–K
where the range in values was greater than at
all other sample sites. Lower values here may
have been a consequence of a more dynamic

30

WESTERN NORTH AMERICAN NATURALIST

[Volume 63

TABLE 3. Relative percentages of the 5 most abundant taxa in Protocol III samples (Plafkin et al. 1989) for 1994. See
Methods and Figure 2 for details on collecting dates and locations of sample sites. Taxa listed at each sample site are
arranged based on the sequence of taxa presented in Table 1.
Early
April

Late
April

Late May/
early June

Early
July

Early
August

Mean; s

Sample site D
B. bicaudatus
D. coloradensis
Cinygmula sp.
R. brunnea
Neothremma sp.

–
–
–
–
–

–
–
–
–
–

13.7
3.3
16.3
5.3
18.0

6.7
10.7
20.7
6.3
23.3

6.3
6.3
20.0
9.3
16.0

8.9; 4.2
6.8; 3.7
19.0; 2.4
7.0; 2.1
19.1; 3.8

Sample site E
B. bicaudatus
D. doddsi
Cinygmula sp.
T. pallidum
Heterlimnius sp.

7.7
7.3
2.0
25.3
2.0

12.0
12.7
1.7
10.7
4.3

38.7
13.3
6.3
.3
8.7

5.7
13.7
46.7
0
3.0

11.3
2.7
26.0
0
8.0

15.1; 13.5
9.9; 4.8
16.5; 19.6
7.3; 11.1
5.2; 3.0

Sample site F
Ephemerella sp.
Cinygmula sp.
E. longimanus
Rhithrogena sp.
Ceratopsyche sp.

8.0
1.3
0
30.3
9.3

17.3
2.3
0
30.0
3.7

6.3
30.7
10.3
21.7
1.7

0
0
21.3
20.3
17.0

1.0
0
10.7
23.0
5.3

6.5; 6.9
6.9; 13.4
8.5; 8.9
25.1; 4.7
7.4; 6.0

Sample site G
B. tricaudatus
D. grandis
Ephemerella sp.
Rhithrogena sp.
O. quadrimaculatus

37.3
18.3
1.0
5.7
.7

16.7
9.0
4.7
24.3
1.0

13.7
14.3
2.3
20.0
5.7

16.0
2.7
37.3
1.3
19.3

26.7
9.0
1.3
.7
16.7

22.1; 9.9
10.7; 5.9
9.3; 15.7
10.4; 11.0
8.7; 8.8

Sample site H
B. tricaudatus
Ephemerella sp.
Rhithrogena sp.
I. zionensis
Ceratopsyche sp.

50.7
14.3
8.3
.7
6.7

15.0
30.7
15.3
1.3
13.0

18.7
36.0
5.3
.7
8.7

31.3
6.0
.7
22.7
23.3

31.3
0
.7
13.3
32.7

29.4; 14.0
17.4; 15.5
6.1; 6.1
7.7; 9.9
16.9; 10.9

Sample site L
B. tricaudatus
Rhithrogena sp.
T. minutus
I. zionensis
Hydropsyche sp.

13.3
2.3
0
30.3
13.7

21.3
9.7
0
19.3
9.0

9.0
31.3
0
.7
1.3

4.0
1.3
49.0
6.3
5.0

1.0
2.0
18.7
16.0
20.7

9.7; 8.0
9.3; 12.8
13.5; 21.4
14.5; 11.5
9.9; 7.6

streambed consisting of a shallow layer of gravel,
cobble, and small boulders overlying bedrock.
Periods of increased flow may have affected
the establishment of the benthic insect fauna.
This was especially true following a flash flood
that occurred in these 2 study areas in October 1994. Protocol III sampling was not possible in October and December because kicknetting captured very few or no benthic insects
(K. Berghoff personal communication). Protocol
III sampling in sample sites I–K in March 1995
(by K. Berghoff) and in June 1995 revealed
only partial reestablishment of the benthic
insect fauna, and nearly complete reestablishment only having taken place by August 1995.

Two additional results of our study are worth
emphasizing. Richness, diversity, and equitability values were lower across all sample sites
during midsummer, presumably because much
of the benthic insect fauna was represented by
terrestrial adults, eggs, or very early larval
instars, resulting in reduced number of specimens collected in kick-net samples. On the
other hand, results of Protocol III sampling in
1994 (Table 5), 1995 (Table 6), and in followup sampling in 1997–1999 (unpublished observations) reveal a high degree of repeatability
associated with the method, as suggested by
similar richness, diversity, and equitability values at each sample site over these years.
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TABLE 4. Relative percentages of the 5 most abundant taxa in Protocol III samples (Plafkin et al. 1989) at study area IJ-K for 1994. See Methods and Figure 2 for details on collecting dates and locations of sites. Taxa listed at each site are
arranged based on the sequence of taxa presented in Table 1.
March

April

May

June

July

August

Mean; s

Sample site I
B. tricaudatus
Ephemerella sp.
Rhithrogena sp.
I. zionensis
Ceratopsyche sp.

41.5
18.0
4.5
7.9
9.7

13.5
34.2
5.5
4.2
10.2

12.5
52.5
10.2
6.7
5.0

25.4
36.5
3.5
11.0
5.5

9.5
.2
5.4
18.0
11.7

4.0
0
5.7
27.2
8.4

17.7; 13.6
23.6; 21.2
5.8; 2.3
12.5; 8.6
8.4; 2.7

Sample site J
B. tricaudatus
Ephemerella sp.
Rhithrogena sp.
I. zionensis
Ceratopsyche sp.

25.4
30.3
10.2
11.7
7.7

10.2
42.7
15.7
4.4
13.3

12.5
56.6
13.5
4.5
5.2

22.5
36.0
5.5
10.2
4.9

9.2
.4
8.9
28.5
10.2

2.2
0
8.2
18.4
9.2

13.7; 8.7
27.7; 23.0
10.3; 3.7
13.0; 9.2
8.4; 3.2

Sample site K
B. tricaudatus
Ephemerella sp.
Rhithrogena sp.
I. zionensis
Ceratopsyche sp.

47.7
14.2
12.2
4.0
9.0

21.4
34.8
23.4
2.7
8.0

12.0
34.7
33.7
2.2
3.8

19.0
29.0
22.9
10.2
.8

12.3
.5
11.2
22.1
12.3

2.9
0
7.7
25.7
13.2

19.2; 15.4
18.9; 16.3
18.5; 9.8
11.2; 10.3
7.9; 4.8

Fig. 4. Richness values with standard deviations based
on Protocol III samples (Plafkin et al. 1989) for 1994.

Fig. 6. Equitability index values with standard deviations based on Protocol III samples (Plafkin et al. 1989)
for 1994.

CONCLUSIONS

Fig. 5. Diversity index values with standard deviations
based on Protocol III samples (Plafkin et al. 1989) for
1994.

Pleasant Creek supports a diverse benthic
insect fauna of at least 133 taxa documented in
this study, all represented by larvae with the
exception of adults of several beetle species.
In addition to the benthic taxa, adults representing 52 species were collected in association with Pleasant Creek in Malaise traps, in
streamside vegetation, and on rock surfaces
adjacent to or emerging from the stream. The
results of our inventory are similar to those
reported for other perennial streams of comparable size in the western United States that
have not been heavily impacted by humans

–
–
–
–
–
–
–
–

No. samples
Richness total
Richness range
Richness mean; s
DI range
DI mean; s
EI range
EI mean; s

–
–
–
–
–
–
–
–

B
–
–
–
–
–
–
–
–

C
3
48
23–25
24.3; 1.15
3.58–3.79
3.7; .11
.74–.8
.77; .03

D
5
46
22–34
27.6; 4.39
3.01–4.25
3.9; .63
.5–.97
.69; .24

E
5
53
21–31
26.0; 4.12
3.05–3.96
3.57; .34
.52–.76
.65; .11

F
5
39
18–26
23.0; 3.74
3.04–3.73
3.45; .26
.54–.85
..68; .12

G
5
39
15–21
19.4; 2.7
2.61–3.09
2.88; .17
.40–.67
.52; .11

H
12
52
15–25
18.58; 3.42
2.41–4.01
2.99; .47
.40–.96
.59; .15

I
12
48
13–28
18.25; 6.59
2.47–3.91
3.02; .45
.43–.79
.59; .15

J
12
47
14–24
16.7; 4.29
2.33–3.66
2.85; .46
.40–1.0
.57; .17

K

5
41
18–22
20.0; 1.87
2.96–3.45
3.21; .18
.50–.83
.65; .12

L

No. samples
Richness total
Richness range
Richness mean; s
DI range
DI mean; s
EI range
EI mean; s

Sample sites

1
22
–
22
–
3.41
–
.68

A
1
23
–
23
–
2.87
–
.43

B
1
22
–
22
–
3.21
–
.59

C
1
21
–
21
–
3.47
–
.76

D
1
18
–
18
–
2.97
–
.61

E
1
27
–
27
–
3.91
–
.81

F
1
26
–
26
–
3.44
–
.58

G

1
13
–
13
–
2.26
–
.46

H

3
29
13–20
16.3; 3.51
2.48–3.17
2.74; .38
.44–.62
.55; .10

I

3
29
14–19
16.3; 2.52
2.13–3.08
2.57; .48
.35–.63
.47; .14

J

3
24
11–15
12.3; 2.31
1.91–2.95
2.27; .59
.36–.67
.49; .16

K

1
16
–
16
–
3.42
–
.94

L

TABLE 6. Summary of richness (= number of species and OTUs), diversity index (DI) values, and equitability index (EI) values based on Protocol III samples (Plafkin et al. 1989) for
1995.

A

Sample sites

TABLE 5. Summary of richness (= number of species and OTUs), diversity index (DI) values, and equitability index (EI) values based on Protocol III samples (Plafkin et al. 1989) for
each site in 1994.
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and cattle (e.g., Bruns and Minckley 1980, Gray
1981). The results of our Protocol III sampling
and supplemental collections of benthic insects
support the conclusion of Barth and McCullough (1988) that Pleasant Creek has not been
adversely impacted by human activities or by
cattle. Although our study did not directly show
it, Pleasant Creek appears to be a good candidate as a reference stream based on relative
richness of the benthic insect fauna, apparent
absence of adverse impacts, and the protected
status of the permanence of its flow through
Capitol Reef National Park.
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SMALL MAMMALS WITHIN RIPARIAN HABITATS OF A REGULATED
AND UNREGULATED ARIDLAND RIVER
Miles J. Falck1,3, Kenneth R. Wilson1,4, and Douglas C. Andersen2
ABSTRACT.—In northwestern Colorado, flow regulation on the Green River has created a transitional plant community
that features encroachment by upland vegetation into cottonwood (Populus fremontii)-dominated, riparian forest on
topographically high floodplain sites and reduced cottonwood regeneration on low floodplain sites. To assess how these
changes might have affected small mammal distributions, in 1994 and 1995 we live-trapped during periods surrounding
spring flooding at 3 sites: above and below the confluence of the regulated Green River and at the ecologically similar,
but unregulated, Yampa River (reference site). More species were captured at the most regulated site along the Green
River above its confluence with the Yampa River. Within sites, more species were captured in riparian habitats than
adjacent upland habitats. Despite river regulation-induced habitat changes, we did not detect changes in species distributions within low and high floodplain habitat for Peromyscus maniculatus or Microtus montanus, but changes may have
occurred for Dipodomys ordii. The total effect of regulation-induced habitat change on small mammal populations may
not be fully revealed until current, mature cottonwood forests disappear and associated woody debris decomposes.
Key words: small mammals, riparian, river regulation, Peromyscus maniculatus, Dipodomys ordii, Microtus montanus, Green River, Yampa River.

Agricultural and municipal demands for
water have led to dam and reservoir construction that has left few western watersheds
unregulated. A recent consequence of water
management has been an increase in research
into the effects of altered hydrology on riparian ecosystems (Nilsson and Dynesius 1994,
Jansson et al. 2000). However, little research
has focused on linkages between hydrology
and the structure or dynamics of small mammal assemblages (Andersen and Cooper 2000).
Despite its potential importance in understanding effects of regulation, a basic understanding of the linkages between small mammals and the structure and functioning of aridland riparian ecosystems is lacking. Our objective was to assess changes in the distributions
of small mammals, principally the most abundant species (deer mouse, Peromyscus maniculatus; Ord’s kangaroo rat, Dipodomys ordii;
and montane vole, Microtus montanus) within
riparian habitats at 3 sites that differed primarily in the level of river regulation.

In arid regions riparian zones are more
productive than adjacent uplands due to relatively high soil moisture, greater nutrient content of alluvial soils, and higher rates of gaseous exchange facilitated by flowing water
(Brinson et al. 1981). In addition, riparian corridors constitute an inherent edge in the landscape, thus contributing to between-habitat
(beta) and regional (gamma) diversity (Logan
et al. 1985, Naiman et al. 1993). Although the
disproportionately high value of riparian habitat within the arid West has been documented
for birds (Stevens et al. 1977, Knopf 1985) and
reptiles and amphibians (Brode and Bury 1984,
Warren and Schwalbe 1985), its value to small
mammals is less clear. For example, Boeer and
Schmidly (1977) found lower species richness
for small mammals in riparian habitats than in
upland habitats of south Texas, but Szaro and
Belfit (1987) found the opposite in south central
Arizona. In western Arizona along the lower
Colorado River, Andersen (1994) found support
for the hypothesis that riparian sites provide
source habitat for most small mammal species,
but Ellison and van Riper (1998) in central
Arizona and Hanley and Barnard (1999) in
Alaska found no such evidence.

STUDY AREAS
Three alluvial valleys along the Green and
Yampa Rivers in northwestern Colorado and

1Department of Fishery and Wildlife Biology, Colorado State University, Fort Collins, CO 80523.
2U.S. Geological Survey, Fort Collins Science Center, c/o USBR, D-8220, Box 25007, Denver, CO 80225.
3Present address: Great Lakes Indian Fish and Wildlife Commission, Box 9, Odanah, WI 54861.
4Corresponding author.

35

36

WESTERN NORTH AMERICAN NATURALIST

northeastern Utah were chosen for study.
Deerlodge Park (DL), 1634 m elevation, is
located on the Yampa River, 75 river-km above
its confluence with the Green River; Brown’s
Park (BP), 1707 m elevation, is located on the
Green River, 68 river-km below Flaming
Gorge Dam and 34 river-km above its confluence with the Yampa River; and Island Park
(IP), 1510 m elevation, is located on the Green
River, 21 river-km below the confluence (Fig. 1).
The Yampa River is one of the last relatively
free-flowing rivers in the Colorado River basin
(Cooper et al. 1999), but since 1963 the creation of Flaming Gorge dam has regulated the
Green River (Fig. 2). From 1922 to 1994, both
rivers along these reaches averaged similar daily
discharge rates, 59 and 56 m3 ⋅ sec–1 for the
Yampa River and Green River, respectively
(Fig. 1). Domestic livestock grazing has occurred
at all sites, but levels are unknown and we
assume that they were comparable at all sites
in the past. Currently, grazing is regulated at
BP and has been prohibited at IP and DL since
~1980. Some trespass grazing occurs at DL.
Riparian vegetation was probably quite
similar in composition and structure within
their alluvial reaches (Hayward et al. 1958,
Cooper et al. 1999, Merritt and Cooper 2000).
Because of reductions in both flood flows and
river sediment load, most of the Green River
floodplain is no longer subject to extreme disturbance events. Thus, vegetation patterns
above their confluence differ today and habitats previously maintained via flooding potentially no longer exist; e.g., higher floodplain
soils are never inundated, and plant communities are becoming more upland-like (Merritt
and Cooper 2000).
We divided riparian areas at each study site
into 2 topographic zones reflecting the frequency of flooding. “Low floodplain” consisted
of the lowest areas, where substrate condition
and vegetation indicated flooding was essentially occurring every other spring. “High floodplain” consisted of adjacent, higher areas that
were flooded to a varying extent at intervals
longer than experienced on the low floodplain,
with the lower boundary clearly delimited by
a steep gradient in vegetation density and/or
topography. High floodplain was bounded from
above by upland habitat, areas that were never
inundated. For Green River sites, we delineated
historic low and high floodplains on the basis
of substrate combined with current topogra-
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phic features and, for BP sites, vegetation conditions in 1938 aerial photographs. IP is affected
by flows on the Yampa and Green Rivers, and
thus the influence due to regulation is intermediate between that at DL and BP.
Vegetation types on the low and high floodplains of IP and DL reaches were more similar to each other than to the vegetation of similar reaches at BP. Low floodplain at DL
included areas of bare sand, areas containing
smaller size-classes of cottonwood (Populus
fremontii) and willow (Salix spp.), and a large
variety of annual forbs, whereas IP had less
bare sand, fewer willows, and some tamarisk
(Tamarix ramosissima). Consistent, year-round
flows at BP (Fig. 2) have resulted in an artificially high water table in the low floodplain at
BP and thus a more hydrophytic plant community of grasses, sedges (Carex spp.), and
rushes (Juncus spp.). Cottonwood gallery forest with an understory of grasses dominated
the high flooplain at all sites. At BP tamarisk
grew along the lower edge of the historic, high
floodplain while desert shrubs such as rabbitbrush (Chrysothamnus viscidiflorus), greasewood (Sarcobatus vermiculatus), and sage (Artemisia tridentata) were evident. Sage, greasewood, and saltbush (Atriplex spp.) shrubs dominated all upland sites.
MATERIALS AND METHODS
Capture-recapture trapping occurred at all
sites in 1994 and 1995 (Falck 1996). Trapping
occurred only after spring runoff in 1994. In
1995 trapping occurred prior to, during, and
after spring runoff and was used to determine
species distribution.
In 1994 we established 2 trapping grids at
BP and DL. Sherman live-traps (3 × 3.5 × 9
inches) were placed adjacent to the river at BP
and DL sites in 14 × 14 grids with 7-m spacing. At the IP site a single 13 × 15 grid configuration was used with 15-m spacing. Longer
traps (3 × 3.5 × 12 inches) were used in portions of the grid where D. ordii were likely
present. We trapped each site once for a
period of 4 days between 6 July and 9 August.
Traps were baited in the evening with rolled
oats and peanut butter and checked the following morning. Polystyrene fiberfill provided
insulation for captured animals. Species, sex,
age, reproductive condition, mass, physical
condition, and trap location were recorded
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Fig. 1. Study sites along the Green and Yampa Rivers in Colorado and Utah.

upon capture. Captured animals were uniquely
numbered with ear tags and released at the
capture location. The Colorado State University
Animal Care and Use Committee approved
the trapping protocol (#94-084A-01).
In 1995 we expanded the 4 grids at BP and
DL to 15-m spacing to encompass a larger
portion of the riparian zone and to include
adjacent upland habitat. In addition, we shifted
1 grid at DL downstream to increase coverage
of the low floodplain and adjusted the configuration to 12 × 17. Traps were also added to the
IP grid, bringing its configuration to 13 × 17.
Due to the configurations of the riparian zones
at each site, we felt it was more important to
maximize inclusion of riparian habitat than to
conform to a standard grid size. Within all

configurations, we maintained a similar number of traps per grid.
Four trapping sessions were conducted prior
to, during, and after the 1995 spring runoff
with the exception of IP, which was inaccessible during the pre-flood session. The number
of trapping occasions per session varied from
2 to 6 trap-nights depending on weather conditions. During sessions 2 and 3 (spring runoff),
DL grids were adjusted with changing water
levels to maintain consistent trapping effort
and to increase the probability of capturing
animals that had moved as a result of flooding.
As traps within the low floodplain were inundated during the spring runoff, they were relocated to the sides of the grid. These grids
were adjusted from 12 × 17 to 9 × 23 and from
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Fig. 2. Historic flow discharges on the Green and Yampa Rivers near Brown’s Park National Wildlife Refuge, Colorado, and Deerlodge Park, Colorado.

14 × 14 to 10 × 20 at high water for DL grids 1
and 2, respectively. The process was reversed
as floodwaters receded. Portions of the IP grid
that were located on the channel floor (22 traps)
were not trapped during the flood period.
We used the 1995 capture-recapture data
to compare species distributions as a function
of site (DL, BP, IP), period (pre-flood, duringflood, post-flood), and habitat (low floodplain,
high floodplain, upland). Trapping in 1994
occurred only after spring runoff and was used
as a reference to the 1995 data. Peromyscus maniculatus, D. ordii, and M. microtus provided
sufficient captures among sites for comparison.
Partitioning of the data sets by habitat resulted
in small sample sizes that were inappropriate
for population estimation (Otis et al. 1978),
and so we report the number of individuals
captured per 100 trap-nights for each species.
RESULTS
We trapped a greater number of species at
Brown’s Park (11) than at either Deerlodge
Park (7) or Island Park (7; Table 1). Further,
more species were captured within riparian
habitats (low + high floodplain) of BP sites (9)
than within riparian habitats of DL (7) and IP
(6) sites. Differences were primarily due to
captures of Onychomys leucogaster, Tamias
dorsalis, Spermophilus lateralis, and Sorex
monticolus in high floodplain habitats of BP
sites.
Reithrodontomys megalotis was captured
solely in riparian habitats at all 3 sites with the

exception of 2 captures in upland habitat at
DL (within 1 trap station of riparian habitat).
With the exception of some captures in BP
where downed trees protruded into upland
habitat, captures of Neotoma cinerea and Tamias
minimus were restricted to high floodplain
habitats where the majority of mature cottonwood trees and woody debris were found.
Dipodomys ordii was captured primarily
within open areas of high floodplain habitats
at BP sites with only a few captures in the historic, low floodplain. In contrast, D. ordii was
captured primarily in upland and low floodplain habitats at DL sites with few captures in
high floodplain habitats. At IP, D. ordii was
captured in all habitats in 1994 but not at all in
1995.
There was more variation in 1995 captures
of P. maniculatus by site than between trapping periods or habitats (Table 2). Relatively
fewer deer mice tended to be captured at IP.
Captures of individuals varied more between
periods for the low and high floodplains and
were fairly consistent by periods in the
upland.
Captures of D. ordii in 1995 varied by site,
period, and habitat (Table 2). Compared to
other sites, captures at DL were consistently
greater in all periods, while at IP no kangaroo
rats were captured in 1995. Few captures of D.
ordii occurred after the post-spring runoff
period at DL, and captures at BP during the
same period declined to zero.
For M. montanus, captures varied little by
site, period, or habitat (Table 2). Few montane

SMALL MAMMALS ALONG REGULATED AND UNREGULATED RIVERS

2003]

39

TABLE 1. Species captured (X) by habitat during 1994 and 1995 along the Green River at Brown’s Park (BP) and Island
Park (IP), and along the Yampa River at Deerlodge Park (DL).
Low floodplain
_________________________
BP
DL
IP
_______
_______
_______

High floodplain
_________________________
BP
DL
IP
_______
_______
_______

Upland
_________________________
BP
DL
IP
_______
_______
_______

Species

94

95

94

95

94

95

94

95

94

95

94

94

Dipodomys ordii
Microtus montanus
Neotoma cinerea
Onychomys leucogaster
Perognathus parvus
Peromyscus
maniculatus
Peromyscus trueii
Reithrodontomys
megalotis
Spermophilus lateralis
Sorex monticolus
Tamias dorsalis
Tamias minimus
TOTAL SPECIES

X
X

X
X

X
X

X

X
X

X

X
X

X
X

X
X

X
X
X

X
X

95
X

X
X
X

X

X

X

X

X

X
X

X

X

X

4

5

4

3

5

2

X

X
X
X

–
–

4

–
–
–
–
–
–

X
X

X

X
X

X
X

X

X
X

X
X
X

X

X

X

X
X
7

X
8

5

X
7

–a
–
–
–

5

95

94

95

94

X
X

X

X
X
X

–
–
–
–

X

X
X
X
7

95
X

X

–
–

X
X

–
–
–
–
–
–

X

5

X

X

X

X

4

3

aHabitat was not sampled.

TABLE 2. Individuals captured per 100 trap-nights (and trap-nights in parentheses for Peromyscus maniculatus, which
are identical for other species) for P. maniculatus, Dipodomys ordii, and Microtus montanus along Green (Brown’s Park,
BP; Island Park, IP) and Yampa River sites (Deerlodge Park, DL) in 1995 in northwestern Colorado and northeastern
Utah. Captures at each site are categorized by habitat (low floodplain, high floodplain, and upland) and by capture period
(1, pre-spring flooding; 2, during spring flood; 3, post-spring flood).
Species
Site

Low floodplain
High floodplain
Upland site
___________________________
_____________________________
__________________________
1
2
3
1
2
3
1
2
3

P. maniculatus
DL
5.3 (582) 15.2 (46) 12.5 (520)
BP
17.9 (223) 14.2 (204) 20.0 (180)
IP
1.5 (134) 5.3 (19)
4.0 (50)
D. ordii
DL
11.0
2.2
1.2
BP
3.1
0.0
0.0
IP
0.0
0.0
0.0
M. montanus
DL
0.0
0.0
0.0
BP
4.0
12.7
8.3
IP
0.0
0.0
6.0

6.2 (1231) 7.3 (100) 14.2 (110) 6.1 (527) 12.2 (541) 8.9 (304)
0.7 (1402) 1.5 (1139) 2.5 (1052) 7.9 (504) 7.6 (419) 7.7 (336)
1.3 (896) 1.9 (739)
1.9 (750) 2.8 (288) 3.3 (240) 2.9 (240)
1.1
0.2
0.0

0.9
0.3
0.0

0.3
0.0
0.0

1.5
0.0
0.0

0.9
0.0
0.0

1.3
0.0
0.0

0.1
0.5
0.9

0.5
0.5
4.9

0.6
1.6
5.6

0.2
0.2
0.3

0.4
1.9
0.4

0.0
1.2
0.4

voles were captured at DL, with slightly more
captures occurring at BP than IP. In general,
more captures occurred during and after spring
flooding. BP had greater numbers of captures
in the low and high floodplain versus the upland, whereas IP had most captures in the
high floodplain with relatively few in other
habitats. There were no captures at DL in the
low floodplain; most captures occurred in the
high floodplain.

DISCUSSION
Researchers have examined small mammal
communities in existing riparian habitats
along regulated rivers (Szaro and Belfit 1987,
Ellis et al. 1997) and in partially restored habitats (Andersen 1994, Andersen and Nelson
1999). Unfortunately, comparative studies of
small mammal communities in regulated versus unregulated river systems of the south-
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western U.S. have been limited. One reason is
the lack of unregulated reference sites. Jansson et al. (2000) compared the vegetation of
regulated and unregulated rivers, but our literature search found no study directly comparing small mammal communities of regulated and unregulated rivers (see Nilsson and
Dynesius 1994 for a review of vertebrate studies associated with river regulation). We did
have spatial replication within 2 of our sites,
DL and BP, but our study lacks true replication; i.e., only 1 regulated river and 1 unregulated river were sampled. Consequently, our
inferences are limited to sites studied. Unfortunately, there is no other large, unregulated
river within the Colorado River basin; thus,
inferences will always be limited.
More species were captured at our most
regulated site, BP, than at the unregulated and
intermediate sites, DL and IP, respectively.
More species were captured in riparian habitats (low + high floodplain) than in upland
habitat at all sites. Our finding agrees with
studies in Oregon (Anthony et al. 1987, Doyle
1990, McComb et al. 1993), Wyoming (Jenniges
1991), and Arizona (Szaro and Belfit 1987), but
disagrees with a study in south Texas (Boeer
and Schmidly 1977). No species was captured
exclusively in riparian habitats, although 3
species (R. megalotis, N. cinerea, and T. minimus)
were caught primarily in riparian habitats.
No changes in species distributions in response to regulation-induced vegetation changes
were detected for P. maniculatus and M. microtus, but changes may have occurred for D.
ordii. In 1994 greater numbers of D. ordii were
captured at BP in the high floodplain (5.74
captures ⋅ 100 trap-nights–1) than at DL and
IP (0.97 and 1.28, respectively). Tall, dense
grasses characterized high floodplain habitats
at DL and IP sites in 1994 and 1995. Conversely, the upper floodplain at BP in 1994
was more open, a condition that favors the
saltatorial locomotion of kangaroo rats. Merritt
and Cooper (2000) suggest that a reduction in
flood frequency due to regulation contributes
to this condition. In 1995 a region-wide decline in D. ordii occurred and although slightly
greater numbers of D. ordii were captured in
the upper floodplain at DL compared to BP
(Table 2), we attribute some of the smaller
numbers in the BP upper floodplain to habitat
changes caused by increased grasses and less
open habitat due to much greater spring pre-
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cipitation in 1995 (26 and 17 cm at DL and BP,
respectively, from February to April) than in
1994 (6 and 7 cm). The uplands sampled at
DL were relatively open, younger stands created by a fire in 1977 (S. Petersburg, National
Park Service, unpublished data) whereas uplands at BP were characterized by dense stands
of mature sage and greasewood, and these differences may have contributed to the lack of
D. ordii captures at BP.
Five Sorex monticolus were captured in livetraps at BP. Other shrew species may have
been present but not detected, but a complete
assessment of small mammal species would
require pitfall traps, especially for species such
as Notiosorex, Sorex, and Thomomys (Williams
and Braun 1983). A pilot study using pitfall
sampling in an approximately 50 trap-day effort
at 3 DL locations in the high floodplain failed
to detect any shrews (D. Andersen unpublished
data). Certainly, our inference is limited to small
mammals susceptible to our trapping methods.
At BP we did see evidence of T. talpoides and
caught one in the historic low floodplain, but
at IP and DL we saw no physical evidence (i.e.,
soil mounds or collapsed tunnels) of Thomomys.
Olson and Knopf (1988), comparing small
mammal species between riparian and upland
habitats as a function of elevation along the
South Platte watershed in northern Colorado,
found as we did that P. maniculatus, an ecological generalist, dominated their lowest elevation riparian site (1200 m compared to our
~1600 m). Andersen et al. (2000) studied floodinduced movement of small mammals at our
sites and considered most riparian species at
these sites to be facultative rather than obligate riparian species. They noted that only the
smaller-sized, obligate riparian species present elsewhere in the Green River basin, e.g.,
Microtus richardsoni and Sorex palustris, were
absent. All species that we captured can also
be found away from streams. Andersen et al.
(2000) suggest that whereas obligate riparian
small mammals may be associated with headwater streams, none in the western U.S. can
cope with the large environmental gradients
and expanses of vegetation-free channel margin
produced by aridland rivers that are subject to
large spring floods.
Large flood events are necessary to maintain plant community composition and structure (particularly the presence of mature cottonwood) of high floodplain habitats (Fenner
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et al. 1985, Auble et al. 1994, Cooper et al. 1999,
Merritt and Cooper 2000). Conversely, flow
regulation may potentially affect small mammal communities by altering habitat (Andersen
1994, Andersen and Nelson 1999) and by
changing species movement and survival patterns (Andersen et al. 2000). Regulation has
not dramatically changed small mammal species
assemblages on the Green River, but increases
in downed, woody debris due to stress on
large gallery cottonwoods seem to have augmented habitats for species such as T. minimus
and N. cinerea. Although neither species is a
riparian obligate, the functional role of each in
this floodplain community may be important,
e.g., through seed dispersal (Vander Wall 1993).
The current riparian vegetation at BP is
transitional in the sense that, in the absence of
periodic inundation or even a relatively shallow water table, high floodplains will eventually lack trees and convert to something close
to upland (Merritt and Cooper 2000). Loss of
cottonwood gallery forests may have significant impacts because live and dead cottonwoods provide foraging cover, den sites, and
food resources. Cottonwood saplings in the
low floodplain at DL provide an intermediate
habitat that is now rare at BP. Lack of cottonwood could potentially favor R. megalotis and
M. montanus, which were predominantly captured in dense grassland habitats. With reduced
cottonwood regeneration and recruitment at
regulated sites, the full effect of regulation on
small mammal assemblages may not be completely revealed until current mature cottonwoods are dead and their woody debris lost
from the system. In fact, abundance of some
small mammals species may increase as mature
trees die and woody debris is temporarily
increased.
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CONSERVATIVE AND MODERATE GRAZING EFFECTS
ON CHIHUAHUAN DESERT WILDLIFE SIGHTINGS
Jamus Joseph1, Michelle Collins1, Jerry Holechek1,4, Raul Valdez2, and Robert Steiner3
ABSTRACT.—Seasonal wildlife observations were made along transects on 2 pastures conservatively grazed (36% use
of perennial grasses) and 2 pastures moderately grazed (47% use of perennial grasses) in south central New Mexico in
non-drought (1997) and drought years (1998). Experimental pastures were similar in soils, terrain, spacing of watering
points, and brush cover. Average ecological condition score for the conservatively grazed pastures was 60% compared with
64% for moderately grazed pastures. Throughout the study total standing vegetation understory herbage levels were
higher (P < 0.05) on conservatively grazed than moderately grazed pastures. Total wildlife, total gamebird, and total
songbird sightings did not differ (P > 0.05) between conservatively and moderately grazed pastures. Black-tailed
jackrabbit (Lepus californicus) sightings were higher (P < 0.05) on moderately grazed than conservatively grazed pastures.
Sightings of pronghorn (Antilocapra americana), scaled quail (Callipepla squamata), mourning doves (Zenaida macroura),
and desert cottontails (Sylvilagus auduboni) showed no differences (P > 0.05) between conservatively and moderately
grazed pastures. Dry conditions in 1998 depressed total wildlife sightings by >50% compared to 1997. Both songbird
and gamebird (particularly mourning dove) sightings were severely reduced in the dry compared to wet year (P < 0.05).
Our results are consistent with Nelson et al. (1997) that livestock grazing at intermediate levels had no effect on most
Chihuahuan Desert upland wildlife species, and that drought years severely depress wildlife sightings.
Key words: grazing, cattle, quail, doves, jackrabbits, birds, mammals.

Conservative grazing, involving about 31–
40% use of primary forage species, is a proven
management practice for maintaining and
improving ecological condition and forage production in the Chihuahuan Desert (Paulsen
and Ares 1962, Holechek et al. 1994). It also
has other benefits to ranchers that include
higher livestock productivity, lower variable
costs, lower risk, and similar or higher net returns per hectare compared to moderate (41–
50% use of primary forage species) grazing
levels (Holechek 1992, Winder et al. 2000).
However, the effects of conservative compared
with moderate grazing on wildlife populations
have not been fully evaluated. Nelson et al.
(1997) found higher total wildlife sightings on
moderately grazed pastures in mid-seral condition compared to conservatively grazed pastures in late-seral condition. Their study was
conducted on the Chihuahuan Desert Rangeland Research Center in south central New
Mexico on pastures that had high perennial
grass cover and biomass levels due to several
years of favorable precipitation. Our objective
was to compare wildlife numbers under con-

servative and moderate grazing on the Chihuahuan Desert Rangeland Research Center
after extended drought using the same pastures
as Nelson et al. (1997). These 4 adjacent pastures have similar size, topography, soils, and
watering point distribution.
STUDY AREA
The 4 pastures are located on the New Mexico State University Chihuahuan Desert Rangeland Research Center (CDRRC). The ranch is
37 km north of Las Cruces, New Mexico, in
Doña Ana County. The ranch is in the southern portion of the Jornada del Muerto Plains
between the San Andres Mountains to the east
and the Rio Grande Valley to the west. Elevation varies from 1188 m to 1371 m with level
or gently rolling hills.
Soils of the CDRRC are mainly light sandy
loams underlain by calcium carbonate hardpan (caliche) at depths varying from a few centimeters to 1 m or more (Valentine 1970). Soils
are classified as fine loamy, mixed, thermic,
typic haplargids and are in the Simona-Cruces

1Department of Animal and Range Sciences, New Mexico State University, Las Cruces, NM 88003.
2Department of Fishery and Wildlife Sciences, New Mexico State University, Las Cruces, NM 88003.
3Department of Experimental Statistics, New Mexico State University, Las Cruces, NM 88003.
4Corresponding author.
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associations (SCS 1980). In areas where groundcover is sparse, sand dunes form around the
invading mesquite plants (Wood 1969). Over
most of the study area, the soil profile is relatively well preserved and stable.
Climate on the CDRRC is typical of the
Chihuahuan Desert. The ranch is arid and has
an average of 200 frost-free days. The only
permanent water sources are wells and
pipelines provided for livestock. Each pasture
contains a single permanent water source
located near its center. Temperatures are high
in summer, with a mean maximum of 36°C during June and a mean maximum of 13°C during
January (Pieper and Herbel 1982). Temperature differences are substantial between day
and night. Solar radiation is generally greatest
in June and lowest in December. Winds are
strongest in the spring and cause severe erosion problems and water stress on the plants.
Annual precipitation is bimodal. Summer
precipitation, generated from the Gulf of Mexico, is characterized by localized convectional
storms of high intensity but low frequency.
Because winter precipitation (December–February) comes from the Pacific Ocean, storms
are relatively gentle and evenly distributed.
Mean annual precipitation is 230 mm, with 52%
of the annual rainfall occurring during the
summer growing season (July–September).
Rain gauges are located throughout the
CDRRC. Total annual precipitation for the
CDRRC in 1997 was 329 cm (143% of mean).
In 1998 the total was 191 cm (83% of mean).
Growing season precipitation was 84% above
average in 1997 but 16% below average in
1998.
Primary grass species on our study areas
include black grama (Bouteloua eriopoda),
dropseeds, (Sporobolus sp.), threeawns (Aristida sp.), bush muhly (Muhlenbergia), fluffgrass
(Erioneuron pulchellum), and tobosa (Hilaria
mutica). The most commonly encountered shrub
species is honey mesquite (Prosopis glandulosa). It dominates the overstory and has been
increasing over the past 100 years (Pieper and
Herbel 1982). Other shrubs commonly found
are snakeweed (Gutierrezia sarothrae), soaptree yucca (Yucca elata), and creosote (Larrea
tridentata). Leatherweed croton (Croton pottsii),
the primary forb occurring on the CDRRC, is
an important food for livestock and pronghorn.
Mammals observed in our study include
pronghorn (Antilocapra americana), black-tailed
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jackrabbits (Lepus californicus), and desert cottontails (Sylvilagus auduboni; Table 1). Gamebirds observed include scaled quail (Callipepla
squamata), Gambel’s quail (Lophortyx gambelii), and mourning doves (Zenaida macroura).
Songbird species observed include lark buntings (Calamospiza melanocorys), western meadowlarks (Sturnella neglecta), western kingbirds (Tyrannus verticalis), loggerhead shrikes
(Lanius ludovicianus), mockingbirds (Mimus
polyglottos), crissal thrashers (Toxostama
crissale), red-winged blackbirds (Agelaius
phoeniceus), Cassin’s sparrows (Aimophila
cassinii), cactus wrens (Campylorhynchus
brunneicapillus), and various species of sparrows. The most commonly observed sparrows
were black-throated sparrows (Amphispiza
bellineata), sage sparrows (Amphispiza belli),
and Brewer’s sparrows (Spizella breweri).
Raptors observed include northern harriers
(Circus cyaneus), red-tailed hawks (Buteo
jamaicensis), and Swainson’s hawks (Buteo
swainson). Other important birds observed
include greater roadrunners (Geococcyx californianus), brown-headed cowbirds (Molothrus
ater), common nighthawks (Chordeiles minor),
and Chihuahuan ravens (Corvus cryptoleucus).
METHODS AND MATERIALS
During 1991 four pastures with similar soils
(sandy loams), topography (flat), and size were
delineated and fenced (Winder et al. 2000).
These include pasture 1 (1267 ha), pasture 2
(932 ha), pasture 3 (1219 ha), and pasture 4
(974 ha). The 4 pastures were adjacent to each
other and surrounded by rangeland in midseral condition. Basically, the spatial ordering
of the pastures from west to east was 1, 2, 3,
and 4, with pastures 1 and 2 in the west block
and pastures 3 and 4 in the east block. All 4
pastures have flat terrain and similar spacing
of watering points. During 1992, 1993, and
1994, these 4 pastures were used to study the
effects of range condition and grazing intensity on cattle production (Winder et al. 2000)
and wildlife populations (Nelson et al. 1997).
After a period of complete destocking due
to drought (August 1994 to April 1997), the 4
pastures were partially restocked in April 1997
and fully stocked in November 1997 for implementation of our study. The procedures of
Holechek (1988) were used to set stocking
rates in 1997, 1998, and 1999. Pastures 1 and 3
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TABLE 1. Summary of wildlife sightings per square kilometer by species, category, year, treatment, and season on the
Chihuahuan Desert Rangeland Research Center in south central New Mexico.

Wildlife species

Year
______________
1997
1998

Pronghorn
Black-tailed jackrabbit
Desert cottontail
TOTAL MAMMALS

1.1
27.6
4.3
33.0

Mourning dove
Scaled quail
Gambel’s quailc
TOTAL GAMEBIRDS

23.5a
9.0a
0.7
33.2a
82.8a
3.5
0.9
1.6
1.8
1.0
1.5
3.8
47.0a
0.3
144.2a

Lark bunting
Loggerhead shrike
Western meadowlark
Western kingbird
Crissal thrasher
Red-winged blackbirdc
Cassin’s sparrowc
Cactus wren
Sparrows
Mockingbird
TOTAL SONGBIRDS

Grazing intensity
______________________
Conservative Moderate

Season
_________________________________
Fall
Winter
Spring Summer

1.1
18.0a
3.5
22.6

1.1
31.2b
6.1
38.4

0.2a
18.5
4.7a,b
23.4

1.9b
26.1
2.8b
30.8

0.3a
23.9
7.0a
31.2

2.0b
30.0
4.8a,b
36.8

4.7b
2.7b
0.6
8.0b

9.9
7.9
0.2
18.0

18.3
3.8
0.6
22.7

0.3a
10.1
0.0
10.4a

0.5a
0.3
0.0
0.8a

1.9a
4.8
0.0
6.7a

53.8b
8.2
1.6
63.6b

16.9b
4.0
0.8
2.2
2.2
6.3
0.0
4.2
15.6b
0.5
52.7b

36.7
3.7
1.1
2.0
2.2
4.4
1.2
2.8
21.2
0.4
75.7

63.0
3.8
0.5
1.8
1.8
2.9
0.2
5.2
41.4
0.5
121.1

0.9a
2.5a
0.9
0.0a
1.7
0.0
2.5
1.4a
7.5a
0.0
17.5a

3.4a
3.0a
1.7
0.0a
1.9
0.0
0.0
1.9a
9.6a
0.0
21.5a

2.3a
3.0a
0.6
6.2b
2.3
0.0
0.0
3.1a
3.4a
1.1
22.0a

192.6b
6.5b
0.0
1.2a
2.0
14.6
0.5
9.6b
104.7b
0.6
332.3b

1.1
21.7
5.4
28.2

Red-tailed hawk
Swainson’s hawk
Northern harrier
TOTAL RAPTORS

0.2
0.7
0.2
1.1

0.7
1.1
0.1
1.9

0.3
0.6
0.2
1.1

0.6
1.2
0.1
1.9

0.9a
0.3a
0.2
1.4a

0.5a,b
0.0a
0.2
0.7a

0.5a,b
0.9a
0.0
1.4a

0.0b
2.3b
0.2
2.5b

Roadrunner
Common nighthawk
Chihuahuan raven
Brown-headed cowbird
TOTAL OTHER BIRDS

0.2
0.2
1.6
0.3
2.3

0.2
0.0
5.5
2.4
8.1

0.2
0.0
4.2
0.5
4.9

0.1
0.2
3.0
2.3
5.6

0.2
0.0
4.0a
1.6
5.8a

0.2
0.0
5.4a
0.8
6.4a

0.0
0.3
4.6a
2.8
7.8a

0.3
0.0
0.2b
0.3
0.8b

122.3

189.7

58.4a

60.2a

69.0a

436.0b

TOTAL WILDLIFE

213.8a

98.9b

a,bMeans with different superscripts within years, grazing intensities, and seasons differ at P < 0.05.
cNot evaluated statistically due to low numbers of observations.

were stocked to obtain a 35% use of forage
(conservative grazing), and pastures 2 and 4
were stocked to obtain 45% use of forage
(moderate grazing).
During our study, pastures 1, 2, and 4 were
in late-seral ecological condition, and pasture
3 was in high mid-seral ecological condition
(Molinar 1999), based on the quantitative climax approach of Dyksterhuis (1949). Ecological condition scores averaged 60% for conservatively grazed pastures and 64% for moderately grazed pastures. Ecological condition involves the amount of climax or original vegetation that remains on the site.
In July 1996 we systematically placed 5 transects 1.6 km in length in each pasture. Transects were placed at least 1 km from boundary

fences to minimize any ecotone effects where
pastures adjoined. All transects (5 per pasture)
were at least 0.8 km apart.
We collected basal cover and herbaceous
standing crop data for fall 1997 and fall 1998 at
10 evenly spaced key areas in each pasture
(Molinar 1999). Autumn forage standing crop
was determined by clipping twenty 0.5-m2
quadrats on each key area (Molinar 1999). A
modification of the line-intercept (Holechek
and Stephenson 1983) procedure of Canfield
(1941) was used to determine percent cover
for individual species. A meter stick was used
instead of an extended line. Measurements
were made approximately every 6.1 m along two
61-m transects at each key area. The meter
stick was placed perpendicular to the transect
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and the intercept of the plants measured
according to Bonham (1989). The intercept for
grasses, forbs, and shrubs was measured at the
crown intercept. Measurements were recorded
in millimeters. Detailed information on cover for
individual species is reported in Molinar (1999).
In late May through early June 1998 and
1999, we evaluated grazing intensity on the 4
pastures using procedures of Anderson and
Currier (1973) as modified by Holechek and
Galt (2000). Percent forage use, residual vegetation, and stubble height of key forage species
were evaluated on 4 key areas within each
pasture. Percent use and residual vegetation
were determined by clipping twenty 0.5-m2
quadrats at each key area. Fifty plants were
measured for stubble height along each of the
two 100-m transects at each key area. These
data were reported by Galt et al. (1999).
Wildlife sightings were recorded along the
5 transects in each of the 4 pastures. Two observers well trained in wildlife identification
recorded wildlife observations while walking
each transect. These inventories were taken in
summer and autumn 1997; winter, spring,
summer, and autumn 1998; winter and spring
1999. All inventories were conducted between
the hours of 0700 and 1100. Each transect was
surveyed once per season. Binoculars were
used to aid in the identification of species. To
avoid recording the same line twice, only wildlife species observed within 50 m on either
side of the observer were recorded. Data were
converted to wildlife sightings per km2 for statistical evaluation.
Statistical Analysis
A randomized, repeated-measures analysis
of variance was used to compare vegetation,
foliar cover, and wildlife sightings among pastures, years, and seasons (Milliken and Johnson 1992). Pastures 1 and 3 were used as replicates for conservatively grazed rangeland and
pastures 2 and 4 for moderately grazed rangeland. We consider the study pastures to be
pseudo-replicates because they are adjacent
and not spatially separated.
RESULTS
Total wildlife sightings did not differ (P >
0.05) between conservatively and moderately
grazed pastures (Table 1). Interactions among
season, year, and stocking level were non-
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significant (P > 0.05). Total wildlife sightings
were over 50% higher (P < 0.05) in 1997 when
precipitation was above average than in 1998
when precipitation was below average (Table
1). Total Chihuahuan Desert wildlife sightings
were higher (P < 0.05) in summer than other
seasons (Table 1). This was consistent across
various wildlife categories evaluated with the
exception of total mammals.
Total mammal sightings did not differ (P >
0.05) on moderately and conservatively grazed
pastures (Table 1). This applied to pronghorn
antelope and desert cottontails. However,
throughout the study more (P < 0.05) jackrabbits were observed on the moderately than
conservatively grazed pastures. Jackrabbit sightings did not differ (P > 0.05) between years or
seasons. Interactions among season, year, and
grazing level were nonsignificant (P > 0.05)
for total mammal sightings and categories of
mammals.
Total gamebird, mourning dove, and scaled
quail sightings did not differ (P > 0.05) between
conservatively and moderately grazed pastures
(Table 1). However, more mourning doves and
scaled quail were observed (P < 0.05) in 1997
than 1998. Interactions among season, year,
and stocking intensity level were nonsignificant (P > 0.05).
Total songbird numbers did not differ (P >
0.05) between conservatively and moderately
grazed pastures (Table 1). This was generally
true for individual songbird species. More
songbirds were observed (P < 0.05) in 1997
than 1998. Interactions among season, grazing
level, and year were generally nonsignificant
(P > 0.05) for various songbird categories.
Other birds and raptors showed no definite
responses (P > 0.05) to grazing level or years
but did show differences (P < 0.05) among
seasons (Table 1). Interactions among year,
season, and grazing level were nonsignificant
(P > 0.05). Fewer other birds and raptors were
sighted (P < 0.05) in summer than other seasons. In contrast, raptor sightings were highest
(P < 0.05) in summer.
Autumn total standing herbage, autumn
perennial grass herbage, and spring perennial
grass herbage averaged higher (P < 0.05) on
conservatively grazed than moderately grazed
pastures (Table 2). Autumn total standing
herbage, autumn perennial grass herbage, and
spring perennial grass standing herbage were
higher (P < 0.05) in 1997 than 1998. This was
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TABLE 2. Summary of vegetation characteristics associated with conservatively and moderately grazed pastures on the
Chihuahuan Desert Rangeland Research Center in south central New Mexico.

Vegetation characteristic

Year
_______________________
1997
1998

Grazing intensity
____________________________
Conservative
Moderate

Ecological condition score

64

60

60

64

Bouteloua eriopoda cover, %
Perennial grass cover, %
Forb cover, %
Shrub cover, %
Total vegetation cover, %

1.2a
2.5a
0.6
4.2
7.3a

0.6b
1.2b
0.4
3.7
5.2b

0.7a
1.5a
0.6
4.6
6.6

1.1b
2.2b
0.4
3.3
6.0

453a

255b

385a

322b

251a

200b

242a

208b

153a

114b

155a

110b

11.4a

9.4b

11.9a

8.9b

39

43

36a

47b

Autumn standing herbage, kg ha–1
Autumn perennial grass standing
crop, kg ha–1
Spring perennial grass standing
crop, kg ha–1
Spring Bouteloua eriopoda
height, cm
Spring forage utilization, %c

a,bMeans with different superscripts within years and grazing intensities differ at P < 0.05.
cData for spring 1998 and 1999.

attributed to lower precipitation in 1998 than
1997. Interactions between grazing level and
year were nonsignificant (P > 0.05).
Total vegetation cover and perennial grass
cover were lower (P < 0.05) in 1998 than 1997
(Table 2). Total vegetation, forb, and shrub
cover did not differ (P > 0.05) on conservatively and moderately grazed pastures (Table
2). However, black grama cover was higher (P
< 0.05) on moderately grazed than conservatively grazed pastures in both years of study.
Forage use was higher (P < 0.05) on moderately than conservatively grazed pastures in
both years of study (Table 2). In June 1998 forage use averaged 33% on primary forage grasses
and 45% on conservatively and moderately
grazed pastures, respectively (Galt et al. 1999).
In June 1999 forage use averaged 38% and
48% on conservatively and moderately grazed
pastures, respectively. Stubble height of black
grama also showed heavier grazing (P < 0.05)
in moderately grazed (9.9 cm in 1998, 7.9 cm
in 1999) than conservatively grazed (13.0 cm
in 1998, 10.9 cm in 1999) pastures (Table 2).
DISCUSSION
Our 2-year study of wildlife populations on
conservatively and moderately grazed Chihuahuan Desert rangelands showed few differences for individual wildlife species or cate-

gories with the exception of black-tailed jackrabbits. Based on our results and those of Nelson et al. (1997), jackrabbits apparently prefer
moderately grazed areas over conservatively
grazed areas. Primary jackrabbit foods such as
leatherleaf croton (Daniel et al. 1993) showed
no definite differences in cover and biomass
between conservatively and moderately grazed
pastures during our study. Improved jackrabbit visibility and mobility due to less dense,
shorter vegetation may explain why more jackrabbits were sighted on the moderately grazed
pastures.
Flinders and Hansen (1975) found that spring
black-tailed jackrabbit densities on shortgrass
prairie were similar under moderate and light
cattle grazing but were depressed by heavy
grazing. Their findings were in conflict with
earlier studies. Taylor and Lay (1944) indicated
black-tailed jackrabbits in eastern Texas increased in response to overgrazing of grasses
by livestock. In the sandhills of Colorado,
Sanderson (1959) found higher densities of
black-tailed jackrabbits on heavily grazed pastures than on those receiving moderate or
light grazing. Pastures dominated by tall vegetation supported the fewest jackrabbits. Blacktailed jackrabbits declined in Kansas on areas
that revegetated to dense stands of grasses and
forbs (Tiemeier 1965). Flinders and Hansen
(1975) believed black-tailed jackrabbits have
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maximum and minimum levels of tolerance to
height, density, and species composition of
vegetation in their habitat.
Other studies have indicated that scaled
quail populations are similar under conservative and moderate grazing in the Chihuahuan
Desert (Nelson et al. 1997, Saiwana et al. 1998).
However, heavily grazed early-seral rangelands and lightly or ungrazed climax Chihuahuan Desert rangelands support fewer scaled
quail than those conservatively to moderately
grazed in mid- or late-seral condition (Smith
et al. 1996, Nelson et al. 1997, 1999).
Mourning dove sightings did not differ (P
> 0.05) between grazing treatments. Other
studies by Smith et al. (1996) and Saiwana et
al. (2001) in the Chihuahuan Desert have indicated that intermediate grazing levels and
seral stages may provide more favorable habitat for mourning doves than lightly or ungrazed
areas near climax or heavily grazed areas in an
early stage. In eastern Texas, Baker and Guthery (1990) found mourning doves were favored
by heavy compared to moderate grazing. In
southeastern Arizona, Bock et al. (1984) reported
mourning dove sightings were higher on moderately grazed than ungrazed areas.
Total songbird sightings in our study did not
differ (P > 0.05) between grazing treatments.
Nelson et al. (1997) found higher total songbird numbers on moderately grazed pastures
in mid-seral condition than conservatively
grazed pastures in late-seral condition. Smith
et al. (1996) found no difference in songbird
densities between lightly grazed climax grasslands and moderately grazed mixed-grass
shrublands in the Chihuahuan Desert. On a
semidesert grassland site in southeastern Arizona, Bock et al. (1984) found that moderate
grazing, compared with grazing exclusion,
appeared to favor songbirds. However, different species of birds differed substantially in
their response to grazing. Lack of an ungrazed
control in our study prevents drawing any
inferences about grazing versus non-grazing
impacts on songbirds and other wildlife.
In our study total raptor numbers were not
influenced (P > 0.05) by grazing level. This
agrees with Nelson et al. (1997).
Our study is consistent with Nelson et al.
(1997) in showing that drought depresses gamebird and songbird populations in the Chihuahuan Desert. This may be explained by lower
availability of forbs and insects, which are
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important foods for many birds. In addition,
water is less available in vegetation, puddles,
and stock tanks.
Both our study and that of Nelson et al.
(1997) showed total wildlife sightings in the
Chihuahuan Desert to be higher in summer
than in other seasons. This was particularly true
for songbirds and mourning doves (P < 0.05).
Most songbirds and mourning doves are migratory in the Chihuahuan Desert. They begin
vacating the area in October when temperatures decrease and move back into the area in
March and April when temperatures increase.
Just as wildlife diversity appears to be maximized by maintaining a mosaic of pastures in
different seral conditions (Nelson et al. 1997,
1999), variation in grazing intensities within
and across pastures should be advantageous to
wildlife by increasing habitat structural diversity. Therefore, a mix of ungrazed, conservatively grazed, and moderately grazed pastures
should theoretically support higher and more
diverse wildlife populations than a single grazing intensity uniformly applied. Most conservatively or moderately grazed pastures will
contain areas with a mix of grazing intensities
ranging from ungrazed to heavily grazed. Conservative grazing has important benefits in
terms of soil stability, forage productivity, livestock production, and lower rancher risk.
However, our study and Nelson et al.’s (1997)
indicate conservative grazing did not benefit
most upland wildlife species in the Chihuahuan Desert. Our study should not be applied
to pastures with riparian habitat because that
habitat characteristic was not included in our
experimental areas. Concurring with Nelson
et al. (1997), our study indicates livestock
grazing at conservative to moderate intensities
was not harmful to most upland Chihuahuan
Desert wildlife species, but drought depressed
gamebird and songbird populations.
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FIRE EFFECTS ON SMALL MAMMAL COMMUNITIES
IN DINOSAUR NATIONAL MONUMENT
Richard A. Olson1, Barry L. Perryman2, Stephen Petersburg3, and Tamara Naumann3
ABSTRACT.—Resource specialists at Dinosaur National Monument utilize both planned and unplanned wildland
ignitions in big sagebrush (Artemisia tridentata)–dominated plant communities to restore successional processes, maintain vegetation vigor, and promote diversified landscapes. Short- and long-term effects of prescribed burning on small
mammal populations are not well understood. The objectives of this study were to (1) compare small mammal species
richness, similarity, and diversity between paired burned and unburned treatment plots, and (2) assess long-term trends
of small mammal community responses to burning. Five paired burned/unburned sites having similar vegetation, soils,
elevation, and annual precipitation were selected. Prescribed or natural fires occurred on all sites between 1981 and
1995, followed by periodic small mammal removal (trapping) sampling (1–12 years post-burn). Small mammal species
richness and diversity were generally higher on unburned than burned plots across post-burn sampling years and sites.
Increased abundance of the deer mouse (Peromyscus maniculatus) following burning resulted in decreased community
diversity. Species similarities between burned and unburned plots were low in early post-burn years but increased in
later post-burn years. Short-term shifts in diversity and species similarity resulted from increased deer mouse abundance after burning. However, burning had no long-term impact on species richness and similarity, indicating minimal
effect to other small mammal species.
Key words: burning, sagebrush, small mammal richness, community diversity.

specialists began a complex fire management
program in the early 1980s to restore grassland communities on big sagebrush–dominated
areas, maintain herbaceous plant vigor, and
promote landscape vegetation diversity. That
program included management-ignited prescribed burning and natural fire management
techniques. Prescribed natural fires (PNFs), in
conformance with agency policy, are natural
ignitions allowed to burn within strict constraints of location, proximity to park boundaries, and threats to life and property. In contrast, management-ignited prescribed fires are
conducted under specific objectives and desired
fire effects, and within prescribed locations,
size, fuel loads, weather, and fire behavior conditions.
Since the implementation of a fire management program in the early 1980s, DNM resource specialists have monitored small mammal community responses to fire. Objectives
of this project were to (1) compare small mammal species richness, similarity, and diversity
between burned and unburned (control) treatment plots, and (2) assess long-term trends of
small mammal responses to burning.

On drier, mid-elevation benches within
Dinosaur National Monument (DNM), big
sagebrush (Artemisia tridentata)–dominated
plant communities have replaced grassland
communities over time. These late succession
big sagebrush communities are often dense,
monotypic stands with limited plant species
richness, diversity, and understory herbaceous
cover (Johnson et al. 1996, West 1999). Anecdotal accounts by early residents suggest large
areas of DNM, now dominated by big sagebrush, were once perennial grasslands prior to
settlement. Domestic livestock grazing in
DNM began in the 1870s, reaching a peak
authorized level of 35–40,000 AUMs on 56,000
ha in the mid-1940s, then declining to 5,000
AUMs by 1973. Resource specialists believe
that exceptionally heavy grazing from the 1920s
through the 1950s, coupled with extreme
drought during the 1930s and the onset of fire
suppression policies in the late 1930s, all contributed to a shift from grassland to big sagebrush communities during the 1940s and 1950s.
Under a 1916 congressional mandate to
conserve and protect the natural resources of
the U.S. National Park system, DNM resource

1Department of Renewable Resources, University of Wyoming, Box 3354, University Station, Laramie, WY 82071.
2School of Veterinary Medicine, University of Nevada–Reno, MS 202, Reno, NV 89557.
3USDI, National Park Service, Dinosaur National Monument, 4545 East Hwy 40, Dinosaur, CO 81610.
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STUDY AREA DESCRIPTION

DNM, comprising 855 km2, is located within the Uinta Mountains in northwestern Colorado and extending into northeastern Utah.
The area, centered on the confluence of the
Green and Yampa Rivers, has bench and canyon topography with elevations ranging from
1700 m to 2740 m.
Five previously burned sites (East Cactus,
Iron Springs Bench, Success, West Cactus I,
and West Cactus II) having similar elevation,
topography, annual precipitation amounts, soil
type, and vegetation associations were selected
for study. Elevation at these sites is approximately 1950 m, with average annual precipitation of 20–25 cm. Soils are primarily Mollisols,
formed under historic grasslands, with a preburn Wyoming big sagebrush (A. tridentata ssp.
wyomingensis) and mixed-grass–dominated
plant community. Dominant grass species comprise bluebunch wheatgrass (Pseudoroegneria
spicata), bottlebrush squirreltail (Elymus elymoides), Indian ricegrass (Oryzopsis hymenoides), muttongrass (Poa fendleriana), needle
and thread grass (Stipa comata), prairie junegrass (Koeleria pyramidata), thickspike wheatgrass (Agropyron dasystachyum), and western
wheatgrass (Pascopyrum smithii). Plant taxonomic nomenclature follows Goodrich and
Neese (1986) and Dorn (1992).
Following are the burning date and area
burned for each study site: East Cactus, July
1987, 301 ha; Iron Springs Bench, September
1995, 260 ha; Success, June 1981, 495 ha; West
Cactus I, July 1986, 81 ha; and West Cactus
II, August 1988, 207 ha. The Success burn was
a natural fire, whereas the other sites were
prescribed fires.
Prescriptions for prescribed burns replicate
weather and fire behavior conditions observed
during natural fires. Pre-burn vegetation on all
sites consisted of Wyoming big sagebrush with
15–30% foliar cover, 30–50 cm canopy height,
and 70–100% live fuel moisture with a perennial grass understory (10–20% foliar cover).
Following burning, shrub species were essentially eliminated across all sites, representing
<3% cover, while cover of perennial native
grass species was 10–35% higher (Perryman et
al. 2002). In contrast, mean shrub cover in
adjacent unburned areas averaged 21% across
all sites. Mean forb cover varied from 2% to
23% across all burned sites (Perryman et al.
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2002). Burning resulted in conversion from a
late succession, big sagebrush–dominated community to a perennial, native grass–dominated
community across all sites.
METHODS
DNM resource specialists conducted small
mammal population surveys on the 5 study
sites from mid-June to mid-August at specific
post-burn intervals listed in Table 1. Small
mammal community characteristics were evaluated using snap trap removal methodologies,
following protocols established by the National
Park Service. Within each paired burn and
control plot, we established a trapping grid
consisting of three 200-m parallel Calhoun
lines spaced 10 m apart, representing a 0.60ha trapping area (Grant 1990). Trap sets, consisting of 1 rat trap and 2 museum specials,
were placed at 10-m intervals along each trap
line. Trapping was conducted for 3 consecutive
nights at each site, resulting in 540 trap-nights
(3 trap lines × 20 trapping stations × 3 traps
per station × 3 trapping nights).
Traps were baited with a mixture of oatmeal and peanut butter during late evening
hours to minimize bait stripping by insects.
We checked the traps in early morning and
collected specimens before heat deterioration
or damage by insects and scavengers occurred.
Specimens were identified, frozen, and transported to the National Ecology Research Centers in either Albuquerque, New Mexico, or
Fort Collins, Colorado, for species verification.
Species richness (number of species) and
abundance (individuals by species) were summarized by treatment type (burn, control), sample year, and site. For each site, we compared
the numbers of species on paired burn and
control plots across years using a paired t test.
Percentage of species similarity ([number of
shared species / total species] × 100) was evaluated between paired plots at each site by year.
Shannon-Weiner diversity (species richness and
evenness) assessments (Krebs 1999) were performed using abundance data for each identified species in each set of paired plots by site
and year. Differences in diversity indices between paired plots were tested for each site by
year using a 2-sided randomization test (P ≤
0.5) described by Solow (1993). Diversity indices
were plotted for sites with the longest period
of post-burn sample data (East Cactus, Success,
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TABLE 1. List of sites, post-burn sample years, species richness (number of species), percent species similarity, and diversity index by treatment type at Dinosaur National Monument, Colorado.
Number
of species
_______________
Burn
Control

Species similarity
_________________________
Total
Shared
% similar

Diversity index
_________________________
Burn
Control
P-valueb

Sitea

Year

East Cactus

1991
1992
1994
1998

2
1
3
2

2
3
2
2

3
3
4
2

1
1
1
2

33
33
25
100

0.40
0.00
1.01
0.50

0.25
0.30
0.20
0.20

0.136
<0.001*
<0.001*
<0.001*

Iron Springs Bench

1996
1998

2
1

4
1

4
1

2
1

50
100

0.20
0.00

0.37
0.00

0.223

Success

1988
1993

1
1

2
3

2
3

1
1

50
33

0.00
0.00

0.69
1.01

<0.001*
<0.001*

West Cactus I

1998

1

3

3

1

33

0.00

0.36

<0.001*

West Cactus II

1990
1993
1995
1998

2
1
3
2

3
5
3
2

4
5
5
2

1
1
1
2

25
20
20
100

0.40
0.00
1.04
0.20

0.80
0.60
0.68
0.25

0.005*
<0.001*
0.008*
0.378

aBurn dates: East Cactus, 1987; Iron Springs Bench, 1995; Success, 1981; West Cactus I, 1986; West Cactus II, 1988.
bSignificant (*) at α = 0.05, Solow (1993) 2-sided randomization test.

and West Cactus II) to assess long-term trends
in diversity following burning.
RESULTS
Species Richness
The number of species on paired plots
across years at all sites was low, ranging from 1
to 5 (Table 1). Mean number of species (all
sites, all years) on burned plots was 2.5 and on
control plots was 3.0. Although there was no
significant difference in number of species
between burn and control plots across years at
East Cactus (P = 0.72), Iron Springs Bench (P
= 1.00), Success (P = 0.14), or West Cactus II
(P = 0.28), the number of species on control
plots was equal to or higher than burn plots
across sites and years except for East Cactus,
1994 (Table 1).
The most abundant species on all treatment
plots was the deer mouse (Peromyscus maniculatus). Other species included the montane
vole (Microtus montanus), western harvest
mouse (Reithrodontomys megalotis), Ord’s kangaroo rat (Dipodomys ordii), Colorado chipmunk (Eutamias quadrivittatus), sagebrush vole
(Lemmiscus curtatus), northern grasshopper
mouse (Onychomys leucogaster), piñon mouse
(Peromyscus truei), olive-backed pocket mouse
(Perognathus fasciatus), least chipmunk (Eutamias minimus), and thirteen-lined ground
squirrel (Spermophilus tridecemlineatus).

Species Similarity
The trend in percent species similarity (percent of shared species) between paired plots
by site showed lower percent similarity during
early years following fire and higher similarity
in later years (Fig. 1). Success was the only site
displaying a decline in percent species similarity from year 7 to year 12. The number of
shared species between paired plots by site
was 1, the deer mouse, except at East Cactus,
1998; Iron Springs Bench, 1996; and West
Cactus II, 1998, where 2 species were shared
(Table 1).
With the exception of the Success site, deer
mouse numbers were higher on control compared with burn plots across sites and years
(Table 2). There was no distinct trend in deer
mouse abundance across years by site following burning. However, among burn plots, relative deer mouse abundance on all sites was
generally higher at later post-burn years
(Table 2).
Diversity
Differences in diversity index values (P ≤
0.05) occurred in 9 of 13 paired plot analyses
by site and year (Table 1). Most paired plot
differences occurred in post-burn year 5 or
later at all sites. With the exception of East
Cactus, diversity indices were higher on control than burn plots across years at each site.
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TABLE 2. Number and relative abundance (%) of the deer
mouse (Peromyscus maniculatus) by site, year, and treatment type at Dinosaur National Monument, Colorado.

Fig. 1. Trend in percent species similarity of burned and
control (unburned) plots for post-burn sampling years at
East Cactus (EC), Success (SUC), Iron Springs Bench
(ISB), and West Cactus II (WCII) sites at Dinosaur National
Monument, Colorado.

Long-term trends in diversity indices of
burn plots reflected sharp declines at East
Cactus and West Cactus II to post-burn sample year 5, followed by subsequent increases
in diversity during later post-burn years (Fig.
2). Although not plotted, the diversity index at
Iron Springs Bench fell sharply from postburn year 1 to 3, consistent with trends at East
Cactus and West Cactus II (Table 1). In contrast, diversity indices remained relatively
constant across post-burn years of control plots
at East Cactus, Success, and West Cactus II
(Fig. 2).
DISCUSSION
In this study higher small mammal species
richness and diversity on control plots was
probably related to greater habitat structure
and complexity (Germano and Lawhead 1986,
Kerley 1992) compared with burn plots. Prescribed burning at DNM resulted in a shift
from late successional, big sagebrush–dominated communities to earlier successional, subclimax grassland communities. Absence of shrub
cover reduced habitat complexity and subsequent coexistence of sympatric small mammal
species (M’Closkey 1976). Although not a study
objective, absence of shrub cover on burn
plots may also increase predation rates, which

Site

Year

Number (%)
____________________
Burn
Control

East Cactus

1991
1992
1994
1998

12 (85.7)
10 (100.0)
3 (50.0)
8 (80.0)

16 (94.1)
27 (93.0)
20 (95.2)
38 (95.0)

Iron Springs Bench

1996
1998

20 (95.2)
3 (100.0)

34 (91.9)
19 (100.0)

Success

1988
1993

7 (100.0)
14 (100.0)

1 (50.0)
3 (50.0)

West Cactus I

1998

14 (100.0)

21 (91.2)

West Cactus II

1990
1993
1995
1998

6 (85.7)
9 (100.0)
2 (50.0)
18 (94.7)

7 (70.0)
33 (84.6)
7 (77.8)
38 (92.7)

may explain lower deer mouse numbers on burn
plots compared to control plots in this study.
Low species number and high deer mouse
abundance across all sites, sample years, and
treatments made it difficult to assess the responses of other small mammal species to
burning, as fluctuations in deer mouse abundance strongly influenced shifts in similarity
and diversity. From this perspective, the trend
of lower species similarity between paired
burn and control plots during early post-burn
years may be attributed to rapid recolonization and production of the deer mouse on burn
areas within the first 5 post-burn years, which
is consistent with other studies (Tevis 1956,
Quinn 1979, Forde 1983, Kaufman et al. 1990).
Likewise, higher species similarity between
paired plots during later post-burn years probably resulted from some influx of other species
as natural succession created increasing habitat complexity and greater coexistence of sympatric small mammal species (M’Closkey 1976).
However, deer mouse preference for disturbed
habitat (Forde 1983) and high abundance in
burned big sagebrush communities (McGee
1976, 1982, Mason 1977), along with naturally
high abundance on unburned plots in this
study, may explain higher species similarity between paired plots in later post-burn years.
With regard to diversity, as burning promotes
increased relative abundance of the deer mouse
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unburned plots, in contrast to fluctuations on
burned plots across years. Differences in the
trend of diversity between burned and unburned plots were primarily due to high deer
mouse abundance at all sites (and treatment
plots), favorable response of the deer mouse to
fire, and low numbers of other small mammal
species present.
Conversion from a late succession, big sagebrush–dominated plant community to a perennial, native grass–dominated community by
prescribed burning further increases abundance
of an already highly abundant species, the deer
mouse, at least in the short term. However,
long-term effects of prescribed burning on
small mammals at DNM does not appear to be
detrimental to community structure. Few other
small mammal species exist in these deer
mouse–dominated communities, and species
similarity between burned and unburned (control) plots was highest in the later post-burn
years, indicating little long-term impact to
species richness after burning. In this study,
differences in species diversity between paired
plots were due to fluctuations in deer mouse
abundance rather than shifts in abundance of
other species.
The National Park Service’s prescribed burning program is restoring grassland communities, protecting soil resources, and enhancing
landscape vegetation diversity. Periodic prescribed burns in these shrub/grassland communities should be continued.
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EFFECTS OF HABITAT DISTURBANCE ON DIETS OF
GREAT HORNED OWL (BUBO VIRGINIANUS) IN A COLD DESERT
Shelly R. Kremer1 and Mark C. Belk1,2
ABSTRACT.—To determine the potential effect of habitat disturbance, Great Horned Owl (Bubo virginianus) diets
were quantified in disturbed and undisturbed habitats over a 2-year period at Dugway Proving Ground in the Great
Basin Desert of Tooele County, Utah. Invertebrates were the most abundant prey by count, whereas mammals constituted the majority of diet by biomass. Species richness in the diet did not differ between habitats or among seasons after
correcting for the number of pellets in each sample. However, the number of vertebrate species was greater than the
number of invertebrate species in the diet, and this ratio differed between disturbed and undisturbed habitats. Invertebrate species made up a greater proportion of total species richness in the diet in the undisturbed than the disturbed
habitat. Nineteen species occurred in the diet in only 1 of the 2 habitat types (7 unique species in disturbed habitat, 12
unique species in undisturbed), but all such species were rare and contributed little both by count and biomass to the
overall diet. Of the 20 most important species found in owl diets in both habitats (based on percent biomass), none were
more common in 1 habitat than the other after correcting for multiple tests. Although there were minor differences in
the diet between disturbed and undisturbed habitats, habitat alteration and degradation of native vegetation on Dugway
Proving Ground did not affect the major components of the diet of Great Horned Owls.
Key words: Great Horned Owl, diet, desert habitat, invertebrates, habitat disturbance, Bubo virginianus, Great Basin.

Throughout western North America humaninduced disturbances, such as overgrazing and
physical disturbance, have contributed to the
replacement of native perennial grasses with
exotic species. For example, on Dugway Proving Ground (DPG), a military training facility
located in west central Utah, USA, native shrub
and perennial grasslands have been replaced
largely by a monoculture of exotic annuals in
areas disturbed by military activity.
Military activity leads to degradation of
native vegetation through increased fire periodicity and effects of tracking by military
equipment. Presettlement fire periodicity in
the Great Basin was 75–100 years (Houston
1973). Military activity at DPG has increased
the burn frequency to 2–10 years. Once native
vegetation is destroyed by fire, a 5-year cycle
of secondary succession of exotic annuals begins,
starting with Russian thistle (Salsola kali),
then mustard (Sisymbrium and Descurainia
sp.), and finally cheat grass (Bromus tectorum;
Piemeisel 1951). Exotic annuals feed subsequent
fires by providing fine fuels, which further destroy native shrub-perennial grassland communities, thus increasing the spread of exotic
annuals (U.S. Department of the Interior 1996).

Training with military vehicles, especially tanks,
disturbs soil, degrades native vegetation, and
creates open areas where exotic annuals can
invade (U.S. Department of the Interior 1996).
Loss of native habitat by fire and invasion
of exotic annuals can adversely affect small
mammal populations by reducing density and
diversity (Larrison and Johnson 1973, Hedlund and Rickard 1981). For example, accompanying the shift in vegetative structure at
DPG is a documented decline in 6 species of
small mammals in disturbed areas (Peromyscus maniculatus, Ammospermophilus leucurus,
Tamias minimus, Dipodomys ordii, Dipodomys
microps, and Neotoma lepida [AGEISS 1996]).
As small mammal populations decline due to
habitat fragmentation and degradation, predators that depend on small mammals for food
may also be affected.
The Great Horned Owl (Bubo virginianus) is
an important predator of small animals throughout North America. Although the Great Horned
Owl is a diet generalist, its main prey is small
mammals and lagomorphs, which typically
comprise over 90% of the owl diet by biomass
(Fitch 1947, Maser and Brodie 1966, Seidensticker 1968, Marti 1974, Pine 1978, Knight

1Department of Integrative Biology, Brigham Young University, Provo, UT 84602.
2Address reprint requests to this author.
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and Jackman 1984, Donazar et al. 1989, Von
Kuster and Schneberger 1992, Aigner et al.
1994, Marti and Kochert 1996). In arid areas
of western North America, destruction of
native perennial grasslands may affect Great
Horned Owl populations by reducing availability of their prey.
This study provides a test of the hypothesis
that destruction of native vegetation communities affects diet composition of Great Horned
Owls. We compared species counts and relative biomass in Great Horned Owl diets in
disturbed and undisturbed habitats on DPG.
In addition, we provide a quantification of Great
Horned Owl diets in a cold desert, an area
where they have seldom been studied.
STUDY AREA
The U.S. Army Dugway Proving Ground is
located in Tooele County, Utah. A study area
of 68 km2 was established on DPG. The foothills of the Cedar Mountains, Little Granite
Peak, Little Davis Mountain, and the eastern
edge of the sand dunes define the area. Elevation ranges from 1400 m on the valley floor to
approximately 2000 m on mountain peaks.
Major habitat types within the study area
include Utah juniper ( Juniperus osteosperma)
stands, stabilized and dynamic sand dunes,
mixed-shrub and perennial grassland communities, and communities dominated by exotic
annuals. Juniper stands are distributed in
patches along the valley floor. Dynamic sand
dunes surrounded by stabilized sand dunes
vegetated with various perennial grasses are
found in the northwestern part of the area.
Mixed-shrub communities (Artemisia sp., Purshia sp., Xanthocephalum sp., and Sarcobatus
sp.) are sparsely distributed and often intermixed with perennial and exotic annual grasses.
The main exotic annual plant species are cheat
grass, Russian thistle, and mustard.
The north portion of the area consists of the
foothills to the Cedar Mountains and portions
of the eastern sand dunes. The northern area
remains free of military training activity throughout the year.
The southern portion of the study area consists of Little Granite Peak, Little Davis Mountain, and portions of stabilized sand dunes.
This area receives the greatest disturbance.
Much of the impact is seasonal and the direct
result of military training. National Guard units
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train in 3- to 4-week sessions during the summer months. Training includes live fire of large
projectiles and concentrated traffic of both
tracked and wheeled vehicles. Detailed information and maps of the study area can be
found in Kremer-Goodell (1999).
METHODS
To determine owl usage areas, we conducted
surveys during January through March 1996
following protocol detailed by Fuller and
Mosher (1987). We established 15 transects
with lengths from 0.62 to 1.86 km on roads
that crossed the study area. We selected transects that would allow maximum possible coverage of the study area. We detected owls by
their calls and then located day roosts and
possible nest sites during daytime follow-up
visits. Owl usage areas were defined as areas
in which owls were known to roost or possibly
nest. We assumed that owls hunted in the general area surrounding their roost sites.
Fire burned portions of both the disturbed
and undisturbed habitat in 1996. The fire did
not affect any known pairs in the undisturbed
habitat, but did burn an owl usage area occupied by a nonbreeding pair of owls in the disturbed habitat. After the burn the owls left
and did not return to the area.
To quantify owl diets, we used prey remains
in pellets collected from identified owl usage
areas. We collected pellets once a month from
March 1996 to August 1997 from a total of 6
usage areas in undisturbed habitat and 5 in
disturbed habitat.
Most pellets were whole when collected, but
we found some loose pellet material. To determine the volume of loose material represented
by a single pellet, we measured the volume of
20 whole pellets that had been pulled apart
and used this volume to quantify the number
of pellets represented by the loose material.
When possible, we identified pellet contents
to species, using standard methods as described
by Marti (1987) to identify and quantify prey
remains. To identify mammal species, we used
reference collections from the Monte L. Bean
Life Science Museum at Brigham Young University. For insect remains, we made a reference collection from the study area during the
summer months of 1997 using pitfall traps and
black-light techniques (Upton 1991).
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We characterized diets by species richness,
number of individual prey found in pellets,
and estimated biomass of prey. Estimates of
species richness are dependent on the number
of pellets sampled. To correct this problem
and provide unbiased estimates of species richness, we transformed both species richness and
pellet number (natural log-transform). This resulted in a linear relationship between these 2
variables so that we could then use number of
pellets collected as a covariate in the analysis
of differences in richness. Natural log-transformed values of species richness were approximately normally distributed (PROC UNIVARIATE; SAS 1990). To determine biomass
represented by prey items, we used published
values of wet mass for mammal, bird, reptile,
and amphibian species identified as prey
(Durrant 1952, Steenhof 1983, Hoffmeister
1986, Dunning 1993). We measured wet mass
for invertebrates directly from reference specimens. Biomass was calculated as total number
of individuals per species multiplied by mean
biomass estimates for an individual of the
species. We calculated percent biomass of the
diet represented by individual species as estimated biomass of a given species divided by
the total estimated biomass of all prey.
Differences in species richness of owl diets
were assessed using analysis of covariance
(ANCOVA; Sokal and Rohlf 1981). In the
ANCOVA model the response variable was the
natural log-transformed species richness value.
Independent variables were habitat (disturbed
or undisturbed), season (winter—November
to February; spring—March to June; summer—
July to October), and vertebrate or invertebrate
species. Natural log-transformed number of
pellets was used as the covariate. Differences
in percent biomass of the diet represented by
individual species between habitat types were
assessed using analysis of variance (ANOVA;
Sokal and Rohlf 1981).
RESULTS
Combined Habitat Diet Analysis
We collected 3926 Great Horned Owl pellets
(1478 from disturbed and 2448 from undisturbed habitats) from which 24,738 prey items
were identified. Numerically, for both habitats
combined, invertebrates composed about 58%
of prey consumed, mammals about 38%, and
miscellaneous other vertebrates (i.e., birds,
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reptiles, and amphibians) about 4% of the diet.
Five species contributed about 64% numerically to the diet for both habitats combined
(Jerusalem cricket, Stenopelmatus fuscus, 32%;
scorpion, Anuroctonus sp., 8%; 2 species of
kangaroo rat, Dipodomys ordii and D. microps,
17%; and deer mouse, Peromyscus maniculatus, 7%; for complete species list see Table 1).
Conversely, using biomass estimates for prey
species from both habitats combined, mammals composed about 93% of prey, miscellaneous other vertebrates (i.e., birds, reptiles, and
amphibians) composed about 5%, and invertebrates about 2% of the diet. Five species of
mammals contributed about 86% by biomass
to the overall diet for both habitats combined.
Those species included 2 species of lagomorphs
(L. californicus and S. audubonii, 54% combined), 2 species of kangaroo rats as noted
above (20%), and valley pocket gophers (Thomomys bottae, 12%; Table 1).
Species Richness of the Diet
by Season and Habitat
Total species richness in diets did not differ
significantly between habitats (disturbed or
undisturbed; F1,13 = 0.33; P = 0.5739) or
among seasons (winter, spring, and summer,
F2,13 = 3.45; P = 0.0627). Vertebrate species
richness in the diet was greater than invertebrate species richness (mean vertebrate richness = 19.3; mean invertebrate richness = 13.8;
F1,13 = 37.26; P < 0.0001). Owl diets from
undisturbed areas had a greater proportion of
invertebrate species and a lower proportion of
vertebrate species compared to owl diets in
the disturbed habitat (Fig. 1; F1,13 = 6.08; P =
0.0283). There were no other significant interactions. The covariate, number of pellets, explained a significant amount of variation (F1,13
= 124.29; P < 0.0001).
Individual Prey Species Differences
in the Diet by Habitat
Nineteen prey species were found in diets
of Great Horned Owl from only 1 habitat type
(7 species in disturbed habitats and 12 species
in undisturbed; see Table 1). All such species
were uncommon in the diet. After correcting
for multiple statistical tests (according to methods in Rice [1989], corrected α = 0.0025),
none of the 20 most important prey species
(representing over 99% of total biomass) were
found to represent a greater percent biomass
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TABLE 1. Percent frequency and percent biomass of prey species in the diets of Great Horned Owls at Dugway Proving Ground, Tooele County, Utah.
Disturbed
_____________________________
% individuals
% biomass

Taxa
MAMMALIA
Sorex spp.
Lagomorph spp.
Ammospermophilus leucurus
Spermophilus townsendii
Eutamias dorsalis
Thomomys bottae
Perognathus parvus
Perognathus longimembris
Perognathus formosus
Perognathus spp.
Dipodomys spp.
Reithrodontomys megalotis
Peromyscus maniculatus
Peromyscus trueii
Peromyscus spp.
Neotoma cinerea
Neotoma lepida
Neotoma spp.
Onychomys leucogaster
Microtus spp.
Unidentified Rodentia
Unidentified Sciuridae
Mustela frenata
AVES
Podiceps spp.
Anas crecca
Unidentified Anatini
Unidentified Accipitridae
Alectoris chukar
Unidentified Rallidae
Fulica americana
Zenaida macroura
Athene cunicularia
Caprimulgid spp.
Aphelocoma coerulescens
Pipilo chlorurus
Zonotrichia leucophyrs
Sturnella neglecta
Unidentified passerine
Unidentified Aves

37.69
0.02
2.27
0.12

89.76
tra
55.24
0.17

0.01
4.06
0.05
0.01
0.55
0.17
17.17
2.82
7.20
0.29
0.12
0.02
0.66
0.01
0.01
1.70
0.33
0.01
0.07

0.01
10.06
0.02
tr
0.19
0.05
17.81
0.64
2.25
0.11
0.03
0.10
1.21
0.04
0.01
1.23
0.31
0.04
0.23

2.36
0.60

7.07
2.68

0.18

2.49

0.01
0.08
0.05
0.02
0.01

0.01
0.83
0.10
0.06
0.01

0.01
0.01
0.02
0.35
1.00

0.01
0.01
0.02
0.09
0.76

of the diet in 1 habitat compared to the other
(all P-values > 0.0048).
DISCUSSION
The documented reduction in small mammal species richness in areas with high exotic
annual invasion on DPG (AGEISS 1996)
might be expected to result in a similar reduction in small mammal species richness in the
diet of Great Horned Owls. On the contrary,
in this study owl diets from the undisturbed
habitat showed greater invertebrate species

Undisturbed
_____________________________
% individuals
% biomass
37.67
0.01
1.79
0.10
0.05
0.01
4.32
0.06
0.12
0.36
0.19
17.49
3.60
7.27
0.36
0.10
0.04
0.69
0.01
0.07
0.71
0.24
0.05
0.03

95.74
tr
53.01
0.18
0.16
0.01
13.02
0.03
0.02
0.16
0.06
22.06
1.00
2.76
0.16
0.03
0.19
1.54
0.05
0.05
0.62
0.28
0.24
0.12

0.85
0.01
0.01
0.01
0.02
0.01

0.85
0.03
0.02
0.10
tr
0.07

0.03
0.02

0.07
0.07

0.01

0.01

0.02
0.31
0.40

0.01
0.10
0.37

richness, and there was no evidence for switching from vertebrate to invertebrate prey in the
disturbed habitat.
Minor differences between counts of individual prey species in the diet for both habitats can be explained partially by location of a
sewage lagoon in the disturbed portion of the
study area. Many avian species in the disturbed habitat were likely associated with this
lagoon (e.g., grebes, Podiceps sp.; ducks, Anas
sp.; and coots, Fulica americana) and thus
more likely to be found in diets of owls from
the disturbed habitat.
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TABLE 1. Continued.

Taxa
REPTILES AND AMPHIBIANS
Serpentes
Squamata
Scaphiopus intermontanus
INVERTEBRATES
Scorpionida
Anuroctonus spp.
Vaejovis spp.
Solpugida
Acarina
Araneidab
Orthoptera
Acrididae
Rhaphidophorinae
Stenopelmatinae
Hemiptera
Pentatomidae
Coleoptera
Silphidae
Elateridae
Coccinellidae
Carabidae
Cerambycidae
Prionus spp.
Melolonthidae
Scarabaeidae
Bothynus spp.
Phyllophaga spp.
Diplotaxis spp.
Serica spp.
Rutela spp.
Tenebrionidae
Edrotes spp.
Eleodes spp.
Eusattus spp.
Trogloderus spp.
Diptera
Hymenoptera
Formicidae
Chrysididae

Disturbed
_____________________________
% individuals
% biomass

Undisturbed
_____________________________
% individuals
% biomass

3.44
0.54
0.13
2.76

1.20
0.65
0.04
0.50

1.65
0.45
0.24
0.95

0.96
0.66
0.09
0.21

56.52

1.98

59.83

2.46

11.53
1.13
0.14
0.29
0.48

0.21
0.01
tr
tr
tr

5.35
5.29
0.02
0.01
0.54

0.12
0.04
tr
tr
tr

4.00
4.76
30.95

0.13
0.02
1.58

1.92
3.72
34.05

0.08
0.02
2.12

0.57
0.01
0.04
0.02
0.06

tr
tr
tr
tr
tr

1.64
0.02
0.28
0.02
0.16

0.01
tr
tr
tr
tr

0.02
0.43
0.01
0.02
0.04
0.07
0.11
0.19
2.76
0.02
3.27

tr
tr
tr
tr
tr
tr
tr
tr
0.03
tr
0.03

0.02
0.08
0.02
0.01

0.01
tr
tr
tr

0.10
0.01
0.01
0.06
0.44
0.16
0.23
0.03

tr
tr
tr
0.02
tr
tr
tr
tr

0.01

tr

0.25
tr

tr
tr

0.05
0.89
0.01

tr
tr
tr

aTrace (<0.01%).
bApproximate mass used.

Based on count, Great Horned Owl diets in
desert communities predominantly consisted
of Lepus sp., Dipodomys sp., and Peromyscus
sp. (Fitch 1947, Barrows 1989, Aigner et al.
1994). Similarly, diet studies conducted in
desert regions reported invertebrate consumption, but only in low frequencies (Fitch 1947,
Jaksic and Marti 1984, Knight and Jackman
1984, Barrows 1989, Jaksic et al. 1992, Marti
and Kochert 1996). Diet studies conducted in
temperate and boreal regions report almost no
invertebrate consumption (Maser and Brodie

1966). In this study the diet, based on count,
was predominantly composed of scorpions,
Jerusalem crickets, Dipodomys sp., and P. maniculatus. This study contrasts with most other
published reports on Great Horned Owls because of the high count of invertebrates included in the diet.
Most literature dismisses invertebrate consumption as prey for juvenile birds that are
inexperienced hunters or insects associated
with carrion accidentally consumed on a kill
(e.g., Errington et al. 1940). The high level of

2003]

DISTURBANCE AND GREAT HORNED OWL DIETS

Fig. 1. Least-squares means ± 1 standard error of the
mean (adjusted for the number of pellets collected) of
species richness (grouped as vertebrate or invertebrate
species) in the diet of Great Horned Owls in disturbed
and undisturbed habitats on Dugway Proving Ground,
Tooele County, Utah.

invertebrate consumption found in this study
is not consistent with the explanation of lack of
experience or incidental ingestion.
It may be instructive to consider why adult
owls might consume such large numbers of
invertebrates even though they appear to contribute only minimal biomass to the diet. Terrestrial invertebrates become superabundant
in the summer months, and they are likely
easy to capture. Additionally, invertebrates probably have low handling time, and even though
biomass is extremely low, a high encounter rate
and a possibly high nutrient value may make
them a valuable food item (Bulmer 1994).
It has been suggested that high invertebrate
consumption may be a functional response to
decreased small mammal availability (Donazar
et al. 1989). In this study we found that spring
and summer had highest densities of both vertebrate and invertebrate prey. Thus, this shift
does not seem to be in response to a decrease
in mammals but rather a response to the increased availability of invertebrates. Optimal
diet models suggest that less preferred prey
should be consumed only when more preferred prey decline (Schoener 1971). Our data
suggest that either invertebrates are consumed
more just because they become more abundant, or they are a more preferred prey item
than suggested by biomass alone.
Although there were some differences in
the diet between habitats, they seemed to be
inconsequential. Overall prey biomass does
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not seem to change in any significant way between the 2 habitat types. The difference in
the ratio of vertebrate to invertebrate species
in the diet between disturbed and undisturbed
habitats does not translate into important differences in the diet. There are many species
that were found in small numbers that may
influence species richness estimates. However,
none of the species that were important (by
biomass) differed in their representation between habitats. Diet composition did not seem
to be affected by habitat alteration, but the
effects of overall availability of prey in altered
habitat types are not included in this analysis.
This study focuses on relative biomass of prey
items in the diet and does not address the issues
of nutrient availability, digestibility, handling
time, and energetic costs of foraging. Such
issues should be addressed before a conclusion can be reached about the effect of habitat
alteration on foraging behavior and population
dynamics of predators.
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NESTING PHENOLOGY AND PRODUCTIVITY OF BIRDS IN THE
WHITE AND INYO MOUNTAINS, CALIFORNIA,
AS ASSESSED WITH NEST-BOXES
Linnea S. Hall1,2 and Michael L. Morrison3
ABSTRACT.—Nest-boxes were monitored from 1988 to 1992 on 5 grids in the pinyon-juniper (Pinus-Juniperus) woodlands of the White and Inyo Mountains, California, to determine breeding phenology and productivity of cavity-nesting
birds, and characteristics of used and non-used nest-boxes. We found a total of 112 nests of 6 species. Bewick’s Wrens
(Thryomanes bewickii; 64 nests), Mountain Chickadees (Poecile gambeli; 18), Ash-throated Flycatchers (Myiarchus cinerascens; 12), and Juniper Titmice (Baeolophus ridgwayi; 11) were the most common species utilizing the boxes. Nest
phenology and numbers of young were similar to values reported elsewhere in the literature for the species, although
nesting success for Mountain Chickadees appeared lower in our study. Chickadees were associated with relatively
dense, mature vegetation on southern slopes. Juniper Titmice used areas with tall juniper shrubs and generally sparse
vegetation. Bewick’s Wrens used areas with short trees, sparse vegetation, and many stumps. Nest-boxes were underutilized (<15% use) by most species relative to their availability and relative to detected abundances of the species. We
suggest that nest-boxes can provide valuable breeding biology information and can potentially increase the productivity
of rare and cavity-limited species.
Key words: Thryomanes bewickii, Poecile gambeli, Myiarchus cinerascens, Baeolophus ridgwayi, Sialia currocoides,
Sitta carolinensis, limiting factor, nest-boxes, nesting success, White Mountains, Inyo Mountains.

Studies of nest-box use by secondary cavitynesting birds have traditionally been conducted
to gather basic natural history information
(e.g., Brandt 1951:429–433, Munro and Rounds
1985), including productivity (and population
limitation), fecundity, and nesting phenology
(Brawn 1988, Finch 1989). Nest-boxes also have
been used to test hypotheses about whether
birds select nest-boxes based on vegetative,
food, predator, or competitive factors in their
environment (Munro and Rounds 1985, Gutzwiller and Anderson 1987, Brawn 1988, Finch
1989).
As part of a long-term ecological research
project started in the White and Inyo Mountains, California, in 1988 (Morrison 1988, Hall
et al. 1991), we collected information on the
use of nest-boxes by birds in pinyon-juniper
(Pinus monophylla–Juniperus osteosperma)
woodland vegetation. Our objectives were to
(1) describe the reproductive characteristics of
the species in the White and Inyo Mountains,
(2) describe the vegetation around nest-boxes
to elucidate any patterns of nest-box selection,
and (3) determine if nest sites were limiting to
cavity-nesting birds.

STUDY AREA
The White Mountains (1515–4245 m elevation) are located east of the city of Bishop,
Inyo County, California, and north of Westgard
Pass. The Inyo Mountains are joined with the
Whites at the vicinity of Westgard Pass but
extend south and rise from 1515 m to >3000 m
elevation. The dominant vegetation between
2090 m and 2725 m elevation in both ranges is
pinyon-juniper woodland, which is an arid,
high-desert environment with sparse vegetative cover.
The average March–May (spring) temperature in the White Mountains from 1988 to 1992
was 5.7°C; the average June–August (summer)
temperature was 14°C (unpublished data). In
typical years, snowcover and rainfall last from
November through May, and afternoon thunderstorms occur in late summer. Average fall
and winter temperatures are 3.7°C and 0.4°C,
respectively (unpublished data).
The only tree species in the woodland are
singleleaf pinyon and Utah juniper. Dominant
perennial shrubs are big sagebrush (Artemisia
tridentata, with 3 varieties), bitterbrush (Purshia

1School of Renewable Natural Resources, University of Arizona, Tucson, AZ 85721.
2Present address: 2552 Seahorse Avenue, Ventura, CA 93001.
3White Mountain Research Station, University of California, 3000 East Line Street, Bishop, CA 93514.
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glandulosa and P. tridentata), rabbitbrush
(Chrysothamnus nauseosus and C. viscidiflorus),
Mormon tea (Ephedra viridis), and cactus
(Opuntia and Echinocereus). Annual plants include about 5 grass genera and 20 forb genera
(Hall 1992).
METHODS
We established 5 nest-box grids during the
winters of 1988 (2 grids), 1989 (2 grids), and
1990 (1 grid) in the White and Inyo Mountains. All grids were established within 1 km
of a road, for access purposes, and then randomly within areas of homogeneous pinyonjuniper vegetation. Grids ranged in elevation
from 2120 m in the Inyo Mountains to 2575 m
in the White Mountains, which enabled us to
sample the pinyon-juniper woodland environments from their lowest elevational occurrence to their upper limit. Grids were 2.5 to
17 km apart.
Each grid consisted of 5 parallel lines with
5 nest-boxes each (25 boxes per grid). To place
the boxes, we determined a random compass
bearing upon arriving at the proposed site and
set 5 boxes at 50-m intervals along the bearing
line. This was repeated for the remaining 4
parallel lines, for a total grid area of 4 ha. We
placed boxes in the most vigorous (i.e., wellvegetated) and closest pinyon tree to the 50-m
mark. Each box was hung on the trunk, amidst
branches >2 m high, but about midway up the
tree. To minimize the potential effects of hot
summer sunlight on nesting birds, nest-boxes
were faced from the north to the west.
Each box, made of construction-grade redwood, was 25 cm tall × 13 cm wide, thus allowing all known secondary cavity-nesting species
access to the interior. Because Mountain Bluebirds (Sialia currocoides) are the largest known
cavity-nesting bird in the White and Inyo
Mountains, entrance holes of 38 mm diameter
were designed to fit them (Yoakum et al. 1980,
Hall et al. 1991).
We always checked nest-boxes in early
spring (February–May) to make sure they were
free of rodent nests, old bird nests, and debris,
so that nesting birds would have empty, unused sites from which to choose. Starting in
early April, when the different bird species
began to form pairs, we checked all nest-boxes
weekly, and this continued until the end of the
breeding season in mid-August. We also re-
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moved rodent nests from the boxes during the
breeding season to make the boxes continually
available to birds.
We summarized nest-box data from 1988 to
1992 into 11 variables (Table 1) describing nest
construction, general phenology, productivity
(i.e., number of eggs, young, and fledglings),
and spatial relationships with conspecifics and
other secondary cavity-nesting bird species. In
some instances we had to back-calculate from
known dates (e.g., those of fledging, hatching)
to determine nest initiation and egg-laying
dates. Only data on complete nests (i.e., those
with a lined cup at some point during a season)
were analyzed. We converted all dated variables into Julian day numbers to facilitate statistical analyses.
In 1992 we sampled nest-box–centered
vegetation plots at all 125 boxes. Thirty-four
vegetation and topographic measures were
made in a 15-m-radius plot (0.07 ha), with
some measurements made within the whole
plot and others made along a 30-m-long transect bisecting the plot (Appendix). We measured variables that described characteristics
of nest-box placement, the nest tree, number
of natural cavities available in the nest plot (as
a means of evaluating nest-site limitation),
cover by shrubs and trees in the plot, and aspect
and slope of the area around the nest-box
(Appendix). Because these variables remained
constant over the duration of the project, we
assumed they reflected characteristics experienced by birds throughout the study period.
We conducted general descriptive statistics
to describe bird-nesting phenology. Because
of low use of nest-boxes, we combined data
across years. We conducted 2- and 3-way analyses of variance (Zar 1984:163) to evaluate differences in reproductive variables among
species, years, and grids, with subsequent
Tukey’s multiple comparison tests (Zar 1984:
185). Before conducting multiple regression
analyses (Zar 1984:329), we conducted correlations (Zar 1984:328) among all vegetation
variables to look for high multicolinearity. Only
3 variables (height of pinyon, juniper, and sagebrush shrubs; Appendix) were highly correlated
(i.e., r2 ≥ 0.67). We did not choose to remove
any of these variables from subsequent analyses, however, because we saw that they were
measuring different components of the vegetation. We conducted multiple regression analyses only for Bewick’s Wrens (Thryomanes
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TABLE 1. Phenological characteristics of complete nests of 5 cavity-nesting bird species in the White and Inyo Mountains,
California, 1988–1992.
Species
Variable

Mean (± s)

No. of nests

Bewick’s Wren
First nest construction day
Final nest construction day
First day of egg-laying
Final day of egg-laying
Total no. dead and alive eggs
Total no. of probable fledglings
Approximate failure day of nest
Approximate fledging date of young
Total no. dead eggs and/or chicks
Distance to nearest conspecific nest
Distance to nearest nest of another bird

6 May (± 25.3 days)
18 May (± 26.4 days)
21 May (± 23.4 days)
27 May (± 24.0 days)
5.4 (± 1.1)
3.4 (± 2.3)
9 Jun (± 24.0 days)
25 Jun (± 23.4 days)
2.1 (± 2.4)
86 (± 43.8 m)
71 (± 28.1 m)

64
64
43
42
43
42
11
30
42
61
64

Mountain Chickadee
First day of egg-laying
Final day of egg-laying
Total no. dead and alive eggs
Total no. of probable fledglings
Approximate failure day of nest
Approximate fledging date of young
Total no. dead eggs and/or chicks
Distance to nearest conspecific nest
Distance to nearest nest of another bird

17 May (± 12.9 days)
23 May (± 12.7 days)
6.1 (± 1.3)
2.4 (± 2.4)
8 Jun (± 9.3 days)
27 Jun (± 16.3 days)
3.3 (± 2.8)
94 (± 33.1 m)
74 (± 30.7 m)

18
18
18
18
7
10
18
10
18

Ash-throated Flycatcher
Final nest construction day
First day of egg-laying
Final day of egg-laying
Total no. dead and alive eggs
Total no. of probable fledglings
Approximate failure day of nest
Approximate fledging date of young
Total no. dead eggs and/or chicks
Distance to nearest conspecific nest
Distance to nearest nest of another bird

29 May (± 0.0 days)
2 Jun (± 14.8 days)
6 Jun (± 14.9 days)
4.4 (± 0.5)
3.0 (± 1.9)
27 Jun (± 2.0 days)
5 Jul (± 17.1 days)
1.4 (± 1.8)
50 (± 0.0 m)
71 (± 50.2 m)

1
12
12
12
12
3
9
12
2
12

Juniper Titmouse
Final nest construction day
First day of egg-laying
Final day of egg-laying
Total no. dead and alive eggs
Total no. of probable fledglings
Approximate failure day of nest
Approximate fledging date of young
Total no. dead eggs and/or chicks
Distance to nearest conspecific nest
Distance to nearest nest of another bird

2 May (± 3.5 days)
11 May (± 15.3 days)
16 May (± 15.1 days)
5.5 (± 1.2)
4.2 (± 1.8)
12 Jun (± 0.0 days)
18 Jun (± 17.0 days)
1.3 (± 2.1)
50 (± 0.0 m)
70 (± 26.8 m)

2
11
11
11
11
1
9
11
2
11

Mountain Bluebird
Final nest construction day
First day of egg-laying
Final day of egg-laying
Total no. dead and alive eggs
Total no. of probable fledglings
Approximate failure day of nest
Approximate fledging date of young
Total no. dead eggs and/or chicks
Distance to nearest conspecific nest
Distance to nearest nest of another bird

2 Jun (± 0.0 days)
14 May (± 27.8 days)
18 May (± 27.3 days)
4.7 (± 0.5)
3.7 (± 2.0)
26 Jun (± 0.0 days)
13 Jun (± 19.9 days)
1.0 (± 2.0)
128 (± 31.8 m)
63 (± 24.2 m)

1
6
6
6
6
1
5
6
4
6
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bewickii) and Mountain Chickadees (Poecile
gambeli) because they had the largest sample
sizes (64 and 18 nests, respectively). The dependent variable for all analyses was the number of fledglings; independent variables included all those measured in nest-box plots
except direction the nest-box faced and aspect
of the vegetation plot (Appendix). These factors were assessed versus number of fledglings
by 1-way ANOVAs for each species separately.
To determine if the bird species used nestboxes non-randomly, we used t tests (Zar 1984:
126) to compare vegetative characteristics of
boxes with nests and characteristics of boxes
that were never used, for each species. These
comparisons were made only for those species
with ≥11 nests (i.e., Bewick’s Wrens, Mountain
Chickadees, Ash-throated Flycatchers [Myiarchus cinerascens], and Juniper Titmice [Baeolophus ridgwayi]).
For all analyses we used SPSS-PC+ software (Norusis 1990) and considered P-values
≤ 0.05 to be significant.
RESULTS
Sixty-four complete Bewick’s Wren nests
were found among the 5 grids from 1988 to
1992, as well as 18 Mountain Chickadee nests,
12 Ash-throated Flycatcher nests, 11 Juniper
Titmouse nests, 6 Mountain Bluebird nests,
and 1 White-breasted Nuthatch (Sitta carolinensis) nest. Most nests were found on our
“Cedar Flat” grid at 2210 m elevation; this grid
and the 2 other medium-elevation grids (at
2150 and 2270 m elevation) had a total of 70
nests. Most wren (n = 18), flycatcher (5), titmouse (10), and nuthatch (1) nests were found
on the medium-elevation grids, whereas most
chickadee nests (9) were found on our highest
elevation grid (2575 m), and most bluebird
nests (3) were found on our lowest elevation
grid (2090 m).
Numbers of young fledged did not differ
among species, years, or grids (F13,76 = 1.42,
P = 0.17), although the number of eggs did
differ among species (F13,98 = 2.5, P = 0.01;
species main effect F = 4.6, P = 0.001), with
chickadees having the most eggs per clutch and
flycatchers having the fewest. Nesting phenology (as measured by first day of egg-laying,
last day of egg-laying, and fledging date) differed significantly among species and years (Pvalues ≤ 0.01; Table 1). Across all years, nut-
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hatches constructed nests first, followed by
chickadees, titmice and bluebirds, wrens, and
then flycatchers. Titmice, bluebirds, and nuthatches fledged their young first, followed by
wrens and chickadees, and then flycatchers.
There were 525 nest-boxes available on the
5 grids over the 5 years of the study, and an
additional 7 natural cavities were detected in
the nest plots. Of 560 total sites thus available
to birds over the 5 years, Bewick’s Wrens used
8–15% of available cavities; Mountain Chickadees, 1–7%; Ash-throated Flycatchers, 0–4%;
Juniper Titmice, 0–3%; Mountain Bluebirds,
0–4%; and White-breasted Nuthatches, 0–1%.
Bewick’s Wren
Of 64 total wren nests found, only 43 (67%)
contained eggs at some point during a breeding season. Nest construction by wrens occurred
in mid-May; clutches were laid in late May,
with an average of 5.4 eggs; and young birds
fledged by late June, with an average of 3.4
birds fledging successfully. An average of 2.1
young died in the nest before fledging (Table
1). Eleven of 43 nests with eggs failed from
1988 to 1992; thus, nesting success was 74%
(32 of 43 nests with eggs). Most failures (4)
occurred on Midway between 16 June and 2
July. The distance from a wren’s nest to a conspecific’s nest averaged 86 m (n = 61 nests),
and the distance from a wren’s nest to the nest
of a bird of another species averaged 71 m (n
= 64); these values differed significantly from
each other (Welch’s t = 2.3, P = 0.03).
The number of fledglings from wren nests
was negatively associated with juniper cover
and tree diameter (adjusted R2 = 0.14, P =
0.003). There were no differences in number
of fledglings by aspect or by orientation of the
nest-box (ANOVA P-values ≥ 0.22). Average
height of trees in plots with used nest-boxes
was significantly less than average height in
plots with non-used boxes (t = 2.2, P = 0.03),
but there were more stumps in used than nonused plots (t = 2.0, P = 0.05) and a greater
distance to plants in the 2nd quarter of used
plots than non-used plots (t = 2.1, P = 0.04).
Point counts conducted from 1989 to 1991
in the pinyon-juniper zone (Morrison et al.
1993) demonstrated that Bewick’s Wrens were
the most common species breeding in the study
area (x– = 0.87 detections/point). Based on this
value averaged across the 150 point-count
stations sampled each year, wrens averaged

2003]

NESTING PHENOLOGY AND PRODUCTIVITY

about 131 birds in the study area, or about 65
pairs. Thus, the ratio of the number of pairs
detected (65) to the number of complete nests
(43) was 1.51.
Mountain Chickadee
All 18 chickadee nests that we found contained eggs at some point during a breeding
season. Nest construction by chickadees
occurred in early May; clutches were laid
mid-May, with an average of 6.1 eggs; the
young birds fledged by late June, with an
average of 2.4 birds fledging successfully; an
average of 3.3 young died in the nest before
fledging (Table 1). Six nest failures occurred
between 31 May and 18 June; thus, nesting
success was 67% (12 of 18 nests). The distance
from a chickadee nest to a conspecific’s nest
averaged 94 m (n = 10), and the distance from
a chickadee nest to the nest of a bird of
another species averaged 74 m (n = 18); these
values did not differ significantly from each
other (Student’s t = 1.6, P = 0.12).
The number of fledglings from chickadee
nests was negatively associated with distance
to plants in the 1st quarter of the nest plots,
but was positively associated with number of
pinyon trees >3 m tall and <6 m tall, and the
height of the nest-box (adjusted R2 = 0.83,
P = 0.001). The number of fledglings from
chickadee nests also differed among aspect
categories: more young were fledged from
boxes with southerly than easterly aspects
(F3,12 = 4.1, P = 0.03). There were no differences in vegetative characteristics between used
and non-used plots (t-test P-values ≥ 0.10).
Mountain Chickadees were the 2nd most
common breeding species in the White and
Inyo Mountains (x– = 0.57 detections/point).
Based on the average number of detections
across the 150 point-count stations sampled
each year, chickadees averaged about 86 individuals, or roughly 43 pairs in the study area.
Thus, the ratio of pairs detected (43) to complete nests (18) was 2.39.
Ash-throated Flycatcher
All 12 flycatcher nests we found contained
eggs at some point during a breeding season.
Nest construction by flycatchers occurred in
mid- to late May; clutches were laid in early
June, with an average of 4.4 eggs; the young
birds fledged by early July, with an average of
3.0 birds fledging successfully; an average of
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1.4 young died in the nest before fledging
(Table 1). Three nest failures occurred between
25 June and 29 June; thus, nesting success was
75% (9 of 12 nests). The distance from a flycatcher nest to a conspecific’s nest averaged
50 m (n = 2 nests). The distance from a flycatcher nest to the nest of a bird of another
species averaged 71 m (n = 12); these values
did not differ significantly from each other
(Welch’s t = 1.5, P = 0.18).
The number of fledglings from flycatcher
nests did not differ by aspect, nest-box orientation, or tree vigor (ANOVA P-values ≥ 0.29).
There were no significant differences in vegetation characteristics between used and nonused plots (t-test P-values ≥ 0.06).
Ash-throated Flycatchers were counted relatively uncommonly in the White and Inyo
Mountains (x– abundance = 0.20 detections/
point). This abundance equated to about 30
individuals, or 15 pairs, in the pinyon-juniper
woodland. The ratio of pairs detected (15) to
complete nests (12) was 1.25.
Juniper Titmouse
All 11 titmouse nests that we found contained eggs at some point during a breeding
season. Nest construction occurred in early
May; clutches averaging 5.5 eggs were laid in
mid-May; young birds fledged by mid-June,
with an average of 4.2 birds fledging successfully, but an average of 1.3 young dying in the
nest before fledging (Table 1). The only nest
failure occurred on 12 June; thus, nesting success was 91% (10 of 11 nests). Distance from a
titmouse nest to a conspecific’s nest averaged
50 m (n = 2 nests), whereas the distance from
a titmouse nest to the nest of a bird of another
species averaged 70 m (n = 11); these values
differed significantly from each other (Welch’s
t = 2.5, P = 0.03).
There were no differences in the number of
titmouse fledglings by aspect, nest-box orientation, or tree vigor (ANOVA P-values ≥ 0.28).
Height of juniper shrubs was greater in plots
with used nest-boxes than in plots with nonused boxes (t = 2.4, P = 0.04), and distance to
plants in the 1st quarter of the nest plot was
also greater in used vs. non-used plots (t =
2.3, P = 0.04).
Titmice were counted relatively uncommonly in the pinyon-juniper woodland (x– abundance = 0.21 detections/point). This abundance equated to about 32 individuals, or 16
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pairs, in the study area. The ratio of pairs detected (16) to complete nests (11) was 1.45.
Mountain Bluebird
All 6 bluebird nests that we found contained eggs at some point during a breeding
season. Nest construction occurred in early
May; clutches were laid in mid-May, with an
average of 4.7 eggs; young birds fledged by
mid-June, with an average of 3.7 birds fledging successfully; an average of 1.0 young died
in the nest before fledging (Table 1). The single nest failure occurred on 26 June; thus,
nesting success was 83% (5 of 6 nests). Distance from a bluebird nest to a conspecific’s
nest averaged 128 m (n = 4), and to the nest of
a bird of another species, 63 m (n = 6); these
values differed significantly from each other
(Student’s t = 3.7, P = 0.006).
Mountain Bluebirds were also relatively uncommon in the study area (x– = 0.21 detections/
point). Their abundances equated to about 32
individuals, or 16 pairs, in the study area. The
ratio of pairs detected (16) to complete nests
(6) was thus 2.67.
White-breasted Nuthatch
The 1 nuthatch nest we found was constructed in late April. The clutch of 7 eggs was
laid by 11 May, and 6 young fledged on 19 June.
This nest was located 70 m from the nearest
nest of another species.
Nuthatches were counted very infrequently
during point counts in the study area (x– =
0.14 detections/point), which equated to about
21 individuals, or about 10 pairs. The ratio of
pairs detected (10) to complete nests (1) was
thus 10.0.
DISCUSSION
Breeding Biology
Bewick’s Wrens used our nest-boxes most
commonly, followed by Mountain Chickadees,
Ash-throated Flycatchers, and Juniper Titmice.
During our study the medium-elevation grids
(i.e., 2150–2270 m) had the greatest nest-box
usage of all our study grids, with the most
wren, flycatcher, titmouse, and nuthatch nests
occurring there. Mountain Chickadees nested
most commonly on our highest elevation grid.
None of these findings were unexpected when
compared with abundance data collected on
the same species from 1989 to 1991 in the study
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area (Morrison et al. 1993; see also Ryser 1985),
which showed that these birds were most
abundant in this middle-elevation range. One
surprising finding, however, was that Mountain Bluebirds nested most commonly on our
lowest elevation grid (2090 m), although they
exhibited greater abundances at higher elevations (Morrison et al. 1993).
Our findings on the reproductive characteristics of the bird species in the White and
Inyo Mountains paralleled information published previously for the species in other regions of the Great Basin. Mountain Chickadees
laid the most eggs (6.1) of all species involved
in our study, whereas Ash-throated Flycatchers laid the fewest (4.4). Baicich and Harrison
(1997) noted a range of 6–12 eggs for Mountain Chickadees, and Johnsgard (1979) noted a
range of 3–7 eggs for Ash-throated Flycatchers.
Juniper Titmice averaged slightly fewer eggs
(5.5) during our study than Johnsgard (1979)
noted (i.e., range of 6–8). Bewick’s Wren and
Mountain Bluebird nests, and our single Whitebreasted Nuthatch nest, all fell within ranges
of eggs noted by Bent (1964:78), Dickey (1935:
150), Johnsgard (1979:322), Pravosudov and
Grubb (1993), and Kennedy and White (1997)
for these species in the Great Basin. Nesting
success for all species (except nuthatches)
ranged from 67% (for chickadees) to 91% (for
titmice). Li and Martin (1991) found a 72%
success rate for Mountain Chickadee nests in
natural cavities in central Arizona; thus, although
chickadees laid the most eggs in our study,
they may have been exhibiting a relatively low
success rate. The fledging rate (number fledglings/number eggs laid) of Bewick’s Wrens has
been estimated to be between 51% and 70%
(summarized in Kennedy and White 1997); in
our study 74% of nests fledged young. The
average fledging rate for 1st- and 2nd-brood
eggs of Mountain Bluebirds has been estimated
at 81% (Power and Lombardo 1996); in our
study 83% of the nests fledged young. A study
of Ash-throated Flycatchers in the western
Great Basin from 1984 to 1987 demonstrated
that 79% of all flycatcher nests in nest-boxes
successfully fledged young (Dunning and Bowers 1990), which also was similar to the success
rate we found (75%). Annual and lifetime reproductive success for White-breasted Nuthatches is essentially unknown (Pravosudov and
Grubb 1993), probably due to the fact that the
species primarily nests in natural cavities or
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old woodpecker holes rather than nest-boxes.
Distances from used nest-boxes to conspecifics’ nests varied among the species we
observed, with Ash-throated Flycatchers and
Juniper Titmice nesting closest to their conspecifics, followed by Bewick’s Wrens, Mountain Chickadees, and Mountain Bluebirds, in
ascending order (overall range = 50–128 m).
Distances between nesting birds of other
species showed a different pattern: on average,
each species (except nuthatches) nested about
70 m from the other species (range = 70–74
m); the 1 nuthatch nest we found was located
63 m from the nest of a neighbor. Thus, wrens,
chickadees, and bluebirds nested closer to other
species than they did to their own kind, whereas flycatchers and titmice nested closer to their
own kind than they did other species. These
results are not unexpected: the territories of
Bewick’s Wrens are known to vary in shape
and size depending on the distribution of vegetation, amount of open space, and density of
birds in the vicinity (Kennedy and White 1997),
but male wrens are also known to exhibit spacing among conspecifics (Johnsgard 1979:322).
When Mountain Bluebirds do not have close
conspecifics, the territories of these birds may
not have obvious boundary points (Power and
Lombardo 1996), thus indicating their breeding season territoriality. And finally, Mountain
Chickadees are also known to defend breeding territories against conspecifics (Brennan
1989:87). Ash-throated Flycatchers and Juniper
Titmice could be more tolerant of their own
kinds for many reasons; for example, Mountain
Bluebirds may compete for nest sites with
Ash-throated Flycatchers in the western Great
Basin (Simpkin and Gubanich 1991).
Bewick’s Wrens were the only species of
the 6 we observed that appeared to build nests
that they never used. Male Bewick’s Wrens
are known to be bigamous, and in some
instances polygynous ( Johnsgard 1979:322),
and male House Wrens (Troglodytes aedon)
have been shown to fill multiple cavities with
twigs, or even to build complete nests that are
never used by a female (Finch 1989). Thus, it
is possible that at least some of the 21 wren
nests we found that never contained eggs were
“extra” male wren nests, although Kennedy
and White (1997) asserted that while males do
often place some material in more than one
nest-box at a time, they do not produce multiple dummy nests.
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Physical Characteristics of
Nest-Boxes and Nest Plots
Vegetation, topography, and nest-box characteristics explained 14% and 83% of the variation in Bewick Wren and Mountain Chickadee fledgling numbers, respectively. Mountain Chickadee fledging success in our study
was strongly associated with relatively dense,
mature vegetation, on warm slopes. Brennan
et al. (1999) also found that Mountain Chickadees on the west side of the Sierra Nevada,
California, used nest-boxes in areas with moderate amounts of tree canopy closure and density. Chickadees also used plots with a more
southerly aspect in their study. None of these
characteristics differed between used and
non-used nest-boxes in our study, however, so
apparently chickadees were using the boxes in
proportion to their availability.
Bewick’s Wrens and Juniper Titmice, on the
other hand, appeared to select boxes disproportionately: titmice used nest plots with
greater juniper shrub height and sparser vegetation around the nest; wrens used plots with
shorter overall tree height, sparser vegetation
around the nest, and more stumps. Numbers
of wren fledglings were also associated with
sparser juniper cover and small-dbh trees. We
could not locate any habitat selection information for Juniper Titmice, but our findings for
Bewick’s Wrens corresponded with other information available for the species. In our
study the use of plots with more stumps was
also similar to that seen in other studies,
including the observation that these wrens are
known to nest in stumps, knotholes, and cavities of fallen or live trees, and in dense brush
piles. They will also nest in old buildings,
under boards, in the headlights of old cars, in
plant watering pots, and behind awnings (Bent
1964:177, Dickey 1935:150, Johnsgard 1979:
322), demonstrating their extreme nesting versatility.
Cavity Availability
A very small percentage (range = 0% to
15%) of the available nest-boxes and natural
cavities during our study were used by the
nesting species we monitored. It is likely, of
course, that we did not locate other non-cavity
nesting sites (e.g., broken limbs, rock outcrops).
Because so few boxes were occupied, it is unlikely that nest sites were limiting for the
species we studied.
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Nest-boxes can be a useful management
tool for increasing population sizes of cavitynesting bird species, especially for species
nesting in areas lacking natural cavities. However, based on our study, we suggest that it
may not be worthwhile to provision nest-boxes
unless a population has already been determined to be limited by the availability of cavities. We think that nest-boxes remain, however, a useful tool for assessing breeding characteristics of secondary cavity-nesting species.
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APPENDIX. Vegetation and topographic variables describing characteristics of nest-boxes on grids in the White and Inyo
Mountains, California, 1988–1992.
Variable
Height of nest-box in tree
Direction that box entrance faced
Height of tree with nest-box
Diameter at breast height of nest-box tree
Distance to edge of tree canopy from entrance of nest-box
Position of nest-box plot on slope, from 0.0 (gully bottom) to 1.0 (top of hill)
Slope of land at center of nest-box plot
Aspect of nest-box plot, measured from center
Total number of natural cavities present in plot
Total number of stumps present in plot
Total number of standing, dead trees in plot
Total number of pinyon trees >1.5 m tall and ≤3 m tall
Total number of pinyon trees >3 m tall and ≤6 m tall
Total number of pinyon trees >6 m tall
Total number of juniper trees >1.5 m tall and ≤3 m tall
Total number of juniper trees >3 m tall and ≤6 m tall
Total number of juniper trees >6 m tall
Number of hits of pinyon along point-intercept line
Number of hits of juniper along point-intercept line
Number of hits of sagebrush along point-intercept line
Number of hits of bitterbrush along point-intercept line
Number of hits of rabbitbrush along point-intercept line
Number of hits of Mormon tea along point-intercept line
Mean height of pinyon shrubs (<1.5 m tall) in plot
Mean height of juniper shrubs (<1.5 m) in plot
Mean height of sagebrush shrubs (<1.5 m) in plot
Mean height of bitterbrush shrubs (<1.5 m) in plot
Mean height of rabbitbrush shrubs (<1.5 m) in plot
Mean height of Mormon tea shrubs (<1.5 m) in plot
Distance from nest-box to nearest shrub or tree in 1st quarter of circle (PQ1)
Distance from nest-box to nearest shrub or tree in 2nd quarter of circle (PQ2)
Distance from nest-box to nearest shrub or tree in 3rd quarter of circle (PQ3)
Distance from nest-box to nearest shrub or tree in 4th quarter of circle (PQ4)
Mean of PQ1 + PQ2 + PQ3 + PQ4

Unit
meters
degrees
meters
centimeters
meters
rank
percent
degrees
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
meters
meters
meters
meters
meters
meters
meters
meters
meters
meters
meters
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FOOT LOADINGS AND PAD AND TRACK WIDTHS
OF YELLOWSTONE GRIZZLY BEARS
David J. Mattson1
ABSTRACT.—I used measurements of grizzly bears (Ursus arctos horribilis) from the Yellowstone region, USA, to
investigate relationships between widths of foot pads and widths of tracks, foot loading and pad size, incidence of tracks
and type of activity, and widths of front-foot pads and gender and age-class. Track width was affected by substrates and
increased relative to pad width as sizes of both pads and tracks increased. Foot loading (kg ⋅ cm–2) did not vary substantially with foot size and so did not explain the proportionately larger tracks of larger animals. Tracks were most commonly associated with feeding activity that entailed excavation of fossorial foods (roots and rodents); they were least
common when bears were feeding in the forest, feeding on ungulates, or traveling. Adult males and females could be
differentiated by the width of their front-foot pads. Virtually all pads >14.5 cm wide belonged to adult or large subadult
males. The pads of subadult females were most commonly <12.5 cm wide, whereas those of adult females were most
commonly 12.5–14.5 cm wide.
Key words: grizzly bears, Ursus arctos, pad width, track, age-class, gender, feeding activity.

purposes is problematic (Edwards and Green
1959, Klein 1959). However, a probabilistic
classification to gender and age-class is less so.
Few researchers have attempted this less daunting task. Reinhart and Mattson (1990) classified bear tracks by gender and age, but without reference to a rigorous investigation of the
sizes of bear feet and related sizes of tracks.
Brooks et al. (1998) and Beck (1991) investigated relationships between foot sizes and
gender and age-class for black bears (Ursus
americanus), but without explicit reference to
track sizes or bear activity.
In this paper I use foot measurements from
grizzly bears (Ursus arctos horribilis) captured
between 1975 and 1992 and field observations
of a subset of these bears between 1986 and
1992 in the Yellowstone region of Wyoming,
Montana, and Idaho, USA, to investigate relationships between (1) pad width and width of
associated tracks at telemetry locations of radiomarked animals, (2) loading on foot pads and
foot size, (3) type of activity by a bear and the
likelihood that it left a measurable front-foot
track, and (4) gender and age-class and width
of the front-foot pad.

Compared to the tracks of ungulates and
small mammals, bears tracks are of sufficient
size and complexity to potentially allow for
inferences regarding the identity of the associated animal (Edwards and Green 1959, Klein
1959). This potential is enhanced by the substantial size dimorphism between genders
(Blanchard 1987). There is reason to expect
that young bears could be differentiated from
old bears, and adult females from adult males,
on the basis of track size (Blanchard 1987).
Many scientific studies and related management decisions categorize bear populations as
subadult (weaned but pre-reproductive) and
adult (reproductive) males and females. Because
management situations can involve bears of
unknown identity and because marking bears
for research is difficult and expensive, there is
potential value in being able to probabilistically ascribe gender and age-class to animals
on the basis of their tracks (Reinhart and
Mattson 1990).
Prior to the use of radio-telemetry, tracks
were more commonly used to study large mammals. Edwards and Green (1959), Klein (1959),
Valkenburg (1976), Pulliainen (1983), and Kendall et al. (1992) used bear tracks to estimate
population trend or to identify individuals for
estimating minimum population size. Identification of individuals from their tracks for these

METHODS
Grizzly bears captured for research and
management purposes were measured with a

1USGS Forest and Rangeland Ecosystem Science Center, Colorado Plateau Field Station, Northern Arizona University, Box 5614, Flagstaff, AZ 86011.
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steel tape along 11 dimensions including the
widest and longest parts of the front- and rearfoot pads (Fig. 1a; Blanchard 1987, M. Haroldson personal communication). Pad area was
calculated as pad width times pad length
times the proportion of this rectangle filled by
the pad. Proportions for front and rear pads
(0.67 and 0.70, respectively) were estimated
from the generalized pad outlines and associated
rectangles in Figure 1a. Bears were weighed
using spring scales during 218 captures of 126
different bears. Only spring scale weights were
used in this analysis. Bears were sexed and
95% were aged by counting the cementum
annuli of an extracted first upper premolar
(Mundy and Fuller 1964). Where this was not
done, field crews subjectively classified the
animal as subadult or adult based on body proportions, genital development, and evidence
of reproduction. Subadults were defined as
weaned animals <5 years old, unless the animal was a female accompanied by cubs. Precocious females such as these were classified
as adults, which otherwise were animals ≥5
years old (Pease and Mattson 1999).
Of 203 captured bears, 172 were radiomarked and tracked by aerial telemetry for >1
month. The gender, age-class, and reproductive status were thus known for each marked
bear during field observations for each year.
Between 1986 and 1992, field crews visited
1027 telemetry locations, usually within 2 weeks
of obtaining the location. At each location,
tracks were measured when present and the
bear’s activity was classified based on observed
sign (Mattson 1997, 2000). Several dimensions
of front and rear tracks were measured, although track widths were emphasized for this
analysis. Measurable front tracks were more
commonly found than measurable rear tracks,
presumably because of greater loading on
front feet and their use in foraging, particularly in loose soil from excavations. Lengths of
front-foot pads and tracks were not analyzed
because of their greater variability compared
to widths of both (Valkenburg 1976, Blanchard
1987). Most track widths were measured at
the cusp of the upward curvature from the
track base (Fig. 1b; Halfpenny 2000). However, the involvement of numerous field personnel in track measurements led to inconsistent application of this protocol, including the
more vagarious measurement of track width
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Fig. 1. (a) Front- and rear-pad measurements obtained
from captured Yellowstone grizzly bears as indicated by
arrows and brackets. Rectangles are the areas associated
with the product of pad lengths and widths. The stylized
rear and front pads make up approximately 70% and 67%,
respectively, of the corresponding rectangles. (b) Idealized
cross section of a front track showing the cusp of upward
curvature and the location of track width measurements.

from rim to rim. Track substrates were described as snow, mud, or moist soil.
I used regression-type analyses to describe
relationships between pad width and track
width, pad width and bear age-class and gender, and pad surface area and bear weight. For
the correlation between track and pad widths,
I used analysis of covariance to control for the
effect of substrate by entering it as a 2-category class variable (moist soil versus mud or
snow). I combined mud and snow because initial models showed little difference in the
effects of these 2 substrates on track measurements. Although there were errors in measurement of both pad and track widths, I used
type I regression to describe the relationship
between these 2 variables because of my
interest in predicting pad width from track
width (Sokal and Rohlf 1981). I used 3-term
power equations (y = b0 + b1xb2) to describe
relations between bear weights and pad surface
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areas, with the intent of estimating deviation
of the power parameter (b2)—and thus foot
loading as a function of size—from 1.0. I
treated individual bears as units of observation
for this analysis and averaged weights and pad
measurements for bears captured and measured multiple times. Bears measured as both
subadults and adults were differentiated by
age class.
I used logistic regression to describe relationships between the logit-transformed probability that an animal was of a given bear class
and the width of its front-foot pad. Multiple
measurements of an individual within a given
age-class were also averaged and treated as a
single observation for this analysis. I used polynomials and other transformations of pad width
to maximize goodness-of-fit (Demaris 1992).
Models were chosen so as to minimize the
sample-size-corrected Akaike Information Criterion (AICc; Burnham and Anderson 1998). I
also used AICc to specify a log-linear model
relating track presence to type of bear activity.
G2 tests and R2L were used to describe goodness-of-fit and predictive efficiency (Demaris
1992). Because sampling of bears was nonrandom, probabilities of type I errors (P-values)
are given only for comparison.
To calculate proportions by pad categories,
I used weighted observations in the logistic
regressions. Weighting factors were calculated
by dividing the proportion of each gender and
age-class in the sample of captured bears into
the proportion of each class estimated to comprise the Yellowstone grizzly bear population
during the time of this study (Pease and Mattson 1999). Proportions for subadult females,
subadult males, adult females, and adult males
in the population at large and for the sample
of captured bears were 0.31, 0.20, 0.38, 0.11
and 0.17, 0.27, 0.31, 0.25, respectively. Thus,
weighting factors were 1.78, 0.75, 1.22, and 0.44
for the 4 respective classes. Application of these
weights did not inflate degrees of freedom, as
the sum of weighted observations equaled the
original sample size (218). Because the weights
corrected for known bias in probabilities of
sampling different classes, they are directly
analogous to ratios applied to correct for bias
in survey samples when strata are sampled
with different known intensities (Williams 1978,
Lehtonen and Pahkinen 1995). Resulting probabilities are thus applicable to field situations.
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Widths of tracks were measured at 54 sites
where known radio-marked bears had been
located by telemetry. The strength of the relationship between pad and track widths from
this sample was moderate when the effect of
substrate was included (Fig. 2; R2 = 0.43).
The slope of the relation deviated from 1.0 ([1]
and [2]; n = 54, F = 19.5, df = 2/51, P <
0.0001), with track widths increasing relative
to pad widths as size of both increased (Fig. 2).
I subsumed the effect of substrate into intercept terms and derived the following 2 substrate-specific equations from the general
analysis-of-covariance model:
[1]

Pad (cm) = 8.53 + 0.028 × (track
[cm])2 if substrate was moist soil.

[2]

Pad (cm) = 7.29 + 0.028 × (track
[cm])2 if substrate was mud or
snow.

Ground loadings of single front pads alone
averaged 1.68 (± 1sx– = 2.34) kg ⋅ cm–2 and of
pairs of front and rear pads together averaged
0.45 (± 0.71) kg ⋅ cm–2, assuming full weight of
the animal was borne by the pad(s) in each
case. The power parameter of the relation between scale weight and pad surface area did not
substantially differ from 1.0 for either frontpad area alone (1.08 ± 0.28) or front- and rearpad area combined (1.12 ± 0.22; Fig. 3). Thus,
foot loading did not substantially increase with
bear size.
The probability of finding a measurable
track at a telemetry location of a radio-marked
bear varied depending on the type of activity
in which the bear was engaged (Fig. 4). Probabilities were greatest and exceeded 0.1 when
an animal was engaged in excavating fossorial
foods—roots and rodents. Probabilities were
lowest when a bear was feeding in forests (for
whitebark pine [Pinus albicaulis] seeds or ants
from logs), traveling, or feeding on ungulate
tissue. Probabilities were intermediate when
animals were grazing or had excavated a
daybed.
Sample sizes for activities not depicted in
Figure 4 were too small (n < 25) to allow for
confident estimation of probabilities. However, among the more sparsely sampled behaviors, fishing for cutthroat trout (Oncorhynchus
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Fig. 2. Relationship between track width and pad width
of feet of Yellowstone grizzly bears, 1986–1992. Solid lines
describe the statistical relation between track and pad
width for moist soil and mud and snow; the dashed line
describes a 1:1 relation between the two. Solid circles
denote measurements obtained from moist soil, gray circles measurements from mud, and open circles measurements from snow.

clarki) was unique because measurable tracks
were found on 2 of 4 occasions that sign of
fishing for cutthroat trout by marked bears
was observed, 1986–1992. Few or no measurable tracks were found while bears were feeding on mushrooms, army cutworm moths (Euxoa
auxiliaris), fleshy fruits, or ants from dirt and
debris hills.
Informative relationships were evident between probabilities of gender and age-class
membership and front-pad width for all classes
except subadult males (Fig. 5; Table 1). Relations were strongest for adult females and
adult males. The probability that a pad measurement was that of an adult female peaked
between 12.5 and 14.5 cm, while the probability of the same for adult males escalated dramatically for measurements >14.5 cm. Pad
widths overlapped considerably between adult
females and subadult males. However, adult
females were potentially additionally distinguished by the tracks of accompanying young.
Measurable tracks of young were found on 1
of 6, 4 of 11, and 1 of 7 occasions when an
adult female was known to be accompanied by
cubs-of-the-year, yearlings, and 2-year-olds,
respectively; i.e., tracks of yearlings were
more likely detected than tracks of cubs or 2year-olds.

Fig. 3. Relationships between scale weight and (a)
front-pad surface area and (b) total surface area of front
and rear pads, for Yellowstone grizzly bears, 1975–1992.
Lines represent the best fit of power functions (y = b0 +
b1xb2).

Given these relationships, 12.5 and 14.5 cm
provided useful cutoff points for pad-size categories. Large males, whether adult or subadult,
constituted over 90% of all animals with pad
widths >14.5 cm in size (Table 2). This category of large pads could therefore be considered roughly synonymous with reproductive
or near-reproductive males. The 2 categories
of smaller pad sizes were of mixed gender and
age-classes, but with subadult females most
prevalent in the ≤12.5 cm category and adult
females most prevalent in the 12.5–14.5 cm
category. Females of all ages accounted for
over 80% of animals with pads ≤12.5 cm wide.
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Fig. 4. Proportion of telemetry locations (±1 sx–) visited
by ground crews where measurable tracks of Yellowstone
grizzly bears were found, by type of activity, 1986–1992.
Activities denoted by the same letter (A–D) were combined in the best model describing the relation between
probability of finding a measurable track and type of
activity. Only types with n ≥ 25 are shown.

DISCUSSION
The variability in the correlation between
track widths measured at telemetry locations
of radio-marked bears and pads widths of the
same bears probably arose for several reasons.
As suggested by the analysis, tracks of the same
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bear will vary in size depending on the substrate. Differences in methods of measuring
tracks (from inside cusp to inside cusp versus
from outside rim to outside rim, as indicated
in Methods) also will introduce variation (Halfpenny 2000). In fact, this difference in method
was known to contaminate the track data collected during this study, although to an unknown degree. Perhaps most important, error
in ascribing a measured track to a radio-marked
bear could cause considerable variability in
the relation between track widths and pad
widths. This error would arise from failure of
the assumption that all tracks measured at a
telemetry location of a marked bear were of
that bear alone. Such an assumption may not
hold given that subadult siblings and consorting adults sometimes accompany each other
and that other bears can be active within the
spatial extent of the telemetry location error
and the temporal extent of the sampling.
Even with the variable relation between
track and pad widths, track measurements can
provide information regarding the identity of
the animal responsible for the track. Applications of this information would not be affected
by errors relating a track to an individual animal if the interest is in gender and age-class
alone. Furthermore, variance due to measurement method should be reduced if tracks are
measured from inside cusp to inside cusp, as

TABLE 1. Features of logistic regression models (y = b0 + b1 x1 + b2 x2 ...) describing relations between the logittransformed probability of an animal being in 1 of 4 gender and age-classes and the width of its front-foot pad (cm), for
Yellowstone grizzly bears, 1975–1992. The G2 and P-values are for goodness-of-fit tests; larger values of the first and
smaller values of the second indicate poorer fit. Superscripts of the independent variable width in the body of the table
denote the power to which the variable is raised.

Model feature
First independent
variable (x1)
Second independent
variable (x2)
Third independent
variable (x3)
b0 (sx–)
b1 (sx–)
b2 (sx–)
b3 (sx–)
RL2
G2
P
df
n

Gender and age-class
____________________________________________________________________________
Subadult female
Subadult male
Adult female
Adult male
width4

—

width3

width4

—

—

width4

—

—
1.22 (0.41)
−0.00009 (0.00002)
—
—
0.26
92
0.26
84
218

—
−1.39 (0.17)
—
—
—
0.28
—
—
—
218

width5
2.72 (2.35)
−0.044 (0.016)
0.0064 (0.0020)
−0.00023 (0.00007)
0.12
75
0.70
82
218

—
−7.74 (1.15)
0.00017 (0.00003)
—
0.73
35
1.00
84
218
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Fig. 5. Relationships between the probability that a front pad measurement was that of a given gender and age-class
(subadult female, subadult male, adult female, and adult male) and width of the front pad, for Yellowstone grizzly bears,
1975–1992. Data points and associated standard errors are for measurements summarized by quintiles and are shown to
illustrate goodness-of-fit.

recommended by Halfpenny (2000). The remaining cautionary point relates to the tendency for track width to proportionally increase relative to pad width as sizes of both
increase. The relationship calculated between
track and pad widths presented here could be
used to correct for this tendency, assuming
that there are no other uncorrected systematic
biases. Without such a correction, bear classes
strongly associated with larger tracks (i.e., adult
males) could be overestimated relative to bear
classes associated with smaller tracks.
The tendency for track widths to be proportionately larger than pad widths as size of
both increased is not readily explained. Foot
loading did not increase substantially with
body size. Thus, I would not expect large bears
to sink deeper than small bears in a given substrate and create proportionately larger tracks.

Surface friction also would be comparable
among bears of different sizes, and so I would
not expect larger bears to create proportionately larger tracks because of greater lateral
displacement. However, the predictably greater
limb velocity of larger bears could cause both
proportionately greater sinking and slippage.
Also, this trend could be due to some unknown
size-related bias in track measurement or
ascribing tracks to marked bears.
Tracks promise to be useful for distinguishing small females and adult or large subadult
males from all other classes. During this study,
>90% of all front-foot pads wider than 14.5
cm were of adult or older subadult males
while >80% of all pads narrower than 12.5 cm
were of females. Of adult females with pads
12.5–14.5 cm wide, about one-quarter were
identifiable by the presence of tracks from
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TABLE 2. Proportions of genders and age-classes of Yellowstone grizzly bears in each of 4 pad-width categories. Proportions are weighted to account for discrepancies of genders and age-classes between captured bears and the population at large. Data were collected during 1975–1992.
Pad-width category
(cm)
≤12.5
12.5–14.5
>14.5

Gender and age-class
___________________________________________________________________________
Subadult female
Subadult male
Adult female
Adult male
0.450
0.139
0.000

accompanying dependent young. These differentiations are of potential value in ecological
research. Large males often have strong influences on the behaviors and distributions of
other bears, especially smaller subadult males
and females with young (Mattson et al. 1987,
1992, Weilgus 1993). The large size of adult
males also engenders constraints and opportunities unique to this class that affect their use
of certain foods such as roots and ungulate tissue (Mattson 2000). Reproductive females are
demographically the most important type of
bear (Knight and Eberhardt 1985, Pease and
Mattson 1999). Moreover, not only do they cope
with especially onerous energetic demands
(Mattson 1990), they also exhibit sometimes
high levels of risk-sensitive foraging (Weilgus
1993, Mattson 2000) due to the potential for
infanticide, especially by adult males (McLellan 1994).
Tracks also promise to be useful in studying
behaviors highly associated with trackable substrates. In the Yellowstone region, these behaviors include excavating roots or rodents and
rodent food caches and fishing for spawning
trout. Foraging that involves excavation of soil
logically leads not only to the creation of trackable substrate but also the juxtaposition of feet
and loose, finer-textured soil. Reinhart and
Mattson (1990) demonstrated the potential use
of tracks in studying bear fishing behavior,
which often leads bears to be active on highly
trackable streamside substrates. The sparseness
of tracks at sites where bears had excavated
red squirrel (Tamiasciurus hudsonicus) middens
for whitebark pine seeds or dirt and debris
hills for ants was likely due to sparse trackable
substrates associated with the prevalence of
spongy organic debris at the former and organic
debris combined with coarse-textured soil at
the latter. The relative sparseness of tracks at
excavated beds plausibly was due to their era-

0.184
0.235
0.156

0.356
0.477
0.084

0.010
0.149
0.760

sure by ground pressure and abrasion from
the recumbent bear(s).
Application of these results to research or
management situations entails several steps.
Track measurements should be corrected for
size-related bias by applying equations [1] or
[2] to derive “pseudo-pad” measurements.
Pseudo-pad sizes could then simply be related
to the pad-size categories given in Table 2,
and inferences made based on the associated
probabilities of gender and age-class membership. Alternatively, pseudo-pad measurements
could be introduced into all 4 of the class-specific equations in Table 1 to derive logit-transformed probabilities of membership in each
class. Actual probabilities (p) can be calculated
by back-transforming the result of these equations (y), as follows: p = ey / (1 + ey) (Demaris
1992).
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GENETIC STRUCTURE IN STRIPED SKUNKS (MEPHITIS MEPHITIS)
ON THE SOUTHERN HIGH PLAINS OF TEXAS
Leslie A. Hansen1,4, Nancy E. Mathews2,5, Richard W. Hansen3,
Bruce A. Vander Lee1,5, and R. Scott Lutz1,5
ABSTRACT.—Genetic variation within populations reflects population-level social and demographic processes and
influences how a population behaves as an evolutionary unit. We examined partitioning of genetic variation in striped
skunks (Mephitis mephitis) from the Southern High Plains of Texas during 1994–1995. Sixty-nine male and 35 female
skunks were sampled on four 12.8-km2 study plots. Plot centers ranged from 17.6 to 61.6 km apart. We used multi-locus
DNA fingerprinting with 2 probes, pV47 and CTTxAGG, to test 3 hypotheses: (1) females are more genetically similar to
other females than males are to other males on the same plot (indicating greater female philopatry than male philopatry),
(2) genetic similarity is greater within plots than among plots (indicating partitioning of genetic variation in space), and
(3) genetic similarity of males decreases as the distance separating males increases (indicating geographic distance
affects rates of gene flow). In general, males on a plot had lower average genetic similarity than females. Genetic similarity within plots was not different from genetic similarity among plots for males or for females. Genetic similarity of
males did not decrease with increasing distance among plots. The lack of geographical genetic structure in striped
skunks suggests at the scale of this study (<60 km) that gene flow of biparentally inherited genes is not distance-mediated. However, the higher similarity values for females than for males on the same plot supports an effect of male-biased
dispersal and female philopatry on partitioning of genetic variation between sexes.
Key words: DNA fingerprinting, genetic structure, Mephitis mephitis, population genetics, striped skunks.

female dispersal. However, Avise (1995) did not
provide guidance on what constitutes low dispersal. Chesser and Baker (1996) modeled the
effects of various types of social organization
on changes in gene diversity; they found that
with a “typical” mammalian social organization (polygyny, female philopatry, and malebiased dispersal), the greatest amount of variance would be in maternally inherited genes.
High male dispersal rates reduce the variation
in paternally and biparentally inherited genes.
We investigated the genetic structure of
striped skunks (Mephitis mephitis) within and
among four 12.8-km2 study plots in the Southern High Plains of Texas in 1994 and 1995 using multi-locus DNA fingerprinting (Lynch
1990, 1991). Striped skunks appear to fit Chesser
and Baker’s (1996) model of “typical” mammalian social organization, with polygyny and
high rates of dispersal (Bjorge et al. 1981,
Sargeant et al. 1982). However, the geographic scale at which genetic variation is mediated
by dispersal is not known. Multi-locus DNA

The genetic structure of a population is
determined by the demographic processes of
the population (birth, death, and dispersal), by
behavior (social organization), and by genetic
processes such as selection, recombination,
and mutation (Slatkin 1994). Knowledge of the
genetic structure of a population may allow
inferences about the levels and patterns of gene
flow (Hastings and Harrison 1994, Slatkin 1994).
Gene flow is important because it determines
the extent to which each local population is an
independent evolutionary unit (Slatkin 1994).
Spatial variation in genetic structure among
populations is common (Chesser and Baker
1996). Estimates of gene dynamics must take
spatial genetic structure into consideration.
Avise (1995) proposed a general verbal model
predicting geographic genetic structure in animal populations as a function of gender-specific dispersal patterns and gene-flow regimes.
For markers in autosomal genes, his model predicts observable geographical genetic structuring only under conditions of low male and low

1Department of Range, Wildlife, and Fisheries Management, Texas Tech University, Lubbock TX 79409-2125.
2Texas Cooperative Fish and Wildlife Research Unit, U.S. Geological Survey, Biological Resources Division, Lubbock, TX 79404-2125.
3New Mexico Department of Game and Fish, Box 25112, Santa Fe, NM 87504.
4Present address: Los Alamos National Laboratory, Box 1663, MS M887, Los Alamos, NM 87544.
5Present address: Department of Wildlife Ecology, University of Wisconsin–Madison, 226 Russell Labs, 1630 Linden Drive, Madison, WI 53706-1598.
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fingerprints are a primarily biparentally inherited and effectively neutral nuclear genetic
marker with high variability among individuals (Lynch 1991). We used average numbers of
scorable bands per individual, similarity indices,
and an index of between-plot similarity adjusted for within-plot similarity to examine partitioning of genetic variation in striped skunks
between sexes and among study plots (Gill et
al. 1985, Lynch 1991, Degnan 1993, Rave et al.
1994, Scribner et al. 1994, Sundt et al. 1994).
We tested 3 hypotheses concerning striped
skunk genetic structure: (1) females are more
genetically similar to other females than males
are to other males on the same plot (indicating
greater female philopatry than male philopatry), (2) genetic similarity is greater within
plots than among plots (indicating partitioning
of genetic variation in space), and (3) genetic
similarity of males decreases as the distance
separating males increases (indicating geographic distance affects rates of gene flow).
STUDY AREA
We conducted this study in northeastern
Lamb County, Hale County, and southern
Swisher County, Texas. This area has a dry,
steppe climate with mild winters (USDA Soil
Conservation Service 1974). Average annual
precipitation is 44 cm, and approximately 79%
of this amount falls from May through October. Thunderstorms are common during May
through June. The area is a nearly level to
sloping, treeless prairie, dissected by a few intermittent streams and sloping basins around
playa lakes. Land use is primarily agricultural,
with the main crops being corn, cotton, and
grain sorghum. Primary mortality factors for
striped skunk in this area are human-caused
traumas, including shooting and roadkill (Hansen 1997).
METHODS
We selected four 12.8-km2 plots based on
cover type similarity, distance among plots,
and landowner consent. Each plot had 20–30%
Conservation Reserve Program lands and 2 to
4 playa lake basins. The majority of the remaining land was in irrigated crop production,
intermingled with some homesteads and farm
buildings.
We captured striped skunks using box traps
(80 × 22 × 22-cm, double-door, folding traps,
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Tomahawk Live Trap Co., Tomahawk, WI) on
each study plot for 7 nights each month in
March through July 1994 and 1995. Trapping
was conducted during the breeding and kitrearing period, and all animals used in the
study were potentially breeding adults. Skunks
were immobilized with a 4:1 mixture of ketamine hydrochloride and xylazine hydrochloride (100 mg ⋅ mL–1 concentration of ketamine,
10 mg ⋅ mL–1 concentration of xylazine, average
dosage of 0.17 mL ⋅ kg–1; Rosatte and Hobson
1983). At first capture, we amputated approximately 2.5 cm (2–3 g) from the end of each
skunk’s tail to provide a tissue sample for genetic
analysis. Tissue samples, consisting of fur, flesh,
and some bone, were stored at –80°C until
analyses could be done. Wounds caused by
this procedure were disinfected with betadine,
and recaptured skunks were examined for
chronic injury from infection. For 32 striped
skunks recaptured within a field season, examinations found no evidence of chronic injury
from the tail wound. For 7 skunks captured in
both years of the study, we could not detect
the tail wound with a physical examination
during the 2nd year because fur had grown
from the wound location at the end of the tail.
DNA was isolated from the tissue samples
using Maltbie’s (1992) procedures. We selected
the enzyme/probe combinations of HaeIII/pV47
(Longmire et al. 1990) and HaeIII/CTTxAGG
(Longmire et al. 1993) for the DNA fingerprint
analyses from 4 enzymes and 3 probes tested
because they had the greatest variability among
individual fingerprints. Genomic DNA (10 µg)
was digested with HaeIII using the supplier’s
recommended buffer and endonuclease concentrations. Digested samples were electrophoresed in a 20-lane 0.8% agarose gel in 1 X
TAE buffer (Maltbie 1992). Restriction fragments in gels were transferred to a nylon membrane (Ampersham) using the procedure of
Southern (1975). Probes were radioactively
labeled with P32 and hybridized to singlestranded DNA on the nylon membrane. The
probe pV47 was hybridized using the procedure Westneat et al. (1988) developed for M13.
The probe CTTxAGG was hybridized using
the procedure of Longmire et al. (1993).
Each gel contained a standardized marker
(HindIII-digested lambda DNA) in the 1st,
7th, 13th, and 19th lanes. DNA from 1 skunk
(#295) was run in 2 lanes on every gel, and
DNA from another animal (different for each
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gel) was also run in 2 lanes on each gel. Skunk
#295 was chosen as a control because we had
a relatively large quantity of DNA from that
skunk. We scored autoradiograms using the
program NSCA GelReader (National Center
for Supercomputing Applications, Champaign,
IL), which compared fingerprint bands to the
4 lanes of standardized marker to estimate the
molecular weight of each band. We compared
the molecular weights of bands for control animals to determine variability in estimation of
molecular weights of individual bands among
autoradiograms. We could not reliably separate
all bands on different autoradiograms. Therefore, to score fingerprints, we constructed floating bins which bracketed sets of bands that
were indistinguishable between autoradiograms
(Balazs et al. 1989, Timms et al. 1993). Bins were
scored by comparing the number of bands within a bin between individuals. For example, if
bin 1 in individual 1 had 1 band, and bin 1 in
individual 2 had 2 bands, the pair was scored
for bin 1 as having 1 shared band. The numbers of shared bands within bins were summed
across all bins to determine the total number
of shared bands for the pair. Bin boundaries
were established at 5.20, 6.15, 6.50, 7.10, 7.60,
7.88, 8.46, 8.80, 9.20, 10.23, 11.23, 11.90, 13.20,
13.79, and 15.65 kb for scoring pV47 fingerprints, and at 4.50, 4.84, 5.00, 5.63, 5.80, 6.15,
6.40, 6.65, 7.10, 7.55. and 7.95 kb for scoring
CTTxAGG fingerprints.
Similarity indices (Sxy) were calculated for
each pair of individuals for each probe (Lynch
1990, 1991). Errors in assigning bands to bins
reduced the similarity indices for individuals
compared to themselves from the expected
value of 1.00. Because of measurement error,
alleles (bands) that fall close to the boundary
of a bin may not be consistently placed within
the same bin. However, the alleles near a
boundary should fall randomly, and therefore
frequency values of bins should not be skewed
(Budowle et al. 1991).
We used analysis of variance to compare
the number of bands per individual among
plots (Sokal and Rohlf 1981). We used the formulas provided by Lynch (1991) to calculate
–
average similarity indices (S ) for groups of
skunks and an unbiased estimate of variance
–
of S within and between plots. We also used
formulas provided by Lynch (1990) to calculate indices of between-population similarity
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adjusted for within-population similarity (S ij).
We constructed 95% confidence intervals for
–
each S ij to determine if the value was significantly less than 1.0. Values less than 1.0 indicate
partitioning of genetic variation among populations, with greater genetic similarity within
populations than between populations.
We used Student’s t test to test the hypothesis that similarity index values for pairs of
females within plots were greater than similarity index values for pairs of males within plots.
We used Pearson’s product-moment correlation and the Mantel-Haenszel test for linear
association to test the hypothesis that average
–
similarity indices between plots (S ) decreased
with increasing distance between plots (Sokal
and Rohlf 1981, SPSS Inc. 1994). Males and
females were analyzed separately. For all parametric analyses, we examined data for deviations from normality using normal probability
plots, and for data used in analysis of variance,
we tested for homogeneous variance using
Levene’s test (Zar 1996).
RESULTS
We captured 69 male skunks and 35 female
skunks. The number of male skunks used in
genetic analyses per plot each year ranged
from 6 to 14, and the number of females used
in genetic analyses per plot each year ranged
from 1 to 10 (Table 1). The distribution of captures over time was different for males and
females (Hansen 1997). Therefore we suspect
that differences in capture probabilities between
the sexes as well as numbers of skunks affected
our capture results.
Bin Scoring
The average similarity index (Sxy) calculated
by comparing fingerprints of skunk #295 to
itself within and among autoradiograms was
0.977 (s = 0.017) for pV47 fingerprints and
0.917 (s = 0.014) for CTTxAGG fingerprints.
The average similarity index (Sxy) calculated
by scoring fingerprints of all skunks that were
repeated within and among autoradiograms
against themselves was 0.916 (s = 0.069) for
pV47 fingerprints (n = 40 comparisons) and
0.895 (s = 0.048) for CTTxAGG fingerprints
(n = 18 comparisons). Of the 19 bins used to
score DNA fingerprints produced from the
probe pV47, 14 contained the same maximum
number of bands for males and females and 4
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TABLE 1. Number of skunks with scorable DNA fingerprints (n), average within-plot similarity indices (S ), and standard error (sx–) calculated from pV47 and CTTxAGG DNA fingerprints for male and female striped skunks from 4 plots
on the Southern High Plains, Texas, 1994–1995.

Fingerprint type – Year
Sex
pV47 – 1994
Males
Females
PV47 – 1995
Males
Females
CTTxAGG – 1994
Males
Females
CTTxAGG – 1995
Males
Females

Study plots
__________________________________________________________________________
Claytonville
Halfway
Plainview
Olton
________________
_________________
________________
_________________
–
–
–
–
n
S
sx–
n
S
sx–
n
S
sx–
n
S
sx–
7
1

0.594

0.031

11
8

0.576
0.643

0.044
0.052

6
1

0.646

0.050

13
4

0.606
0.612

0.027
0.153

8
4

0.577
0.640

0.014
0.035

10
9

0.627
0.656

0.041
0.051

6
1

0.608

0.027

6
5

0.633
0.606

0.042
0.050

6
1

0.795

0.012

9
6

0.708
0.787

0.066
0.031

6
1

0.744

0.046

6
3

0.765
0.691

0.065
0.065

6
2

0.806
0.800

0.049

9
9

0.673
0.843

0.063
0.037

5
1

0.806

0.008

5
5

0.813
0.838

0.091
0.125

did not. Of the bins which differed between
males and females, 2 bins had a maximum of 1
band for females and 2 for males, 1 bin had a
maximum of 3 bands for females and 2 for
males, and 1 bin had a maximum of 4 bands
for females and 5 for males. Of the 12 bins
used to score CTTxAGG fingerprints, 8 were
similar between sexes and 4 were not. Of the 4
bins which differed between sexes, 1 bin had a
maximum of 0 bands for females and 1 for
males, 1 bin had a maximum of 2 bands for
females and 1 band for males, 1 bin had a
maximum of 2 bands for females and 3 bands
for males, and 1 bin had a maximum of 3 bands
for females and 4 bands for males. Numbers of
bands per bin may have differed for males and
females because of gender-specific bands (Longmire et al. 1993), because of errors in assigning bands to bins for one or a few individuals,
or as a function of sampling almost twice as
many males as females. We had less success
hybridizing CTTxAGG to membranes, and so
fewer individuals had scorable fingerprints
using this probe.
Average Similarity of Males and
of Females Within Plots
–
Average similarity indices (S ) within plots
for males using pV47 fingerprints ranged from
0.57 to 0.64, and using CTTxAGG fingerprints
ranged from 0.69 to 0.81 (Table 1). For
–
females, S within plots ranged from 0.61 to
0.66 with pV47 fingerprints, and from 0.69 to
0.84 for CTTxAGG fingerprints. Average val-

ues were not calculated for females on the
Plainview plot in 1994 and 1995, or for the
Claytonville plot for 1994, because only a single female was caught on each of the plots in
those years. In 5 of 6 plot-year comparisons
using pV47 and 4 of 6 comparisons using
CTTxAGG, females had higher average similarity values (Table 1). Pooling data from all
plots and years, we found the similarity values
for pairs of females within plots were significantly higher than for pairs of males within
plots using both the CTTxAGG fingerprints (t
= 1.91, P = 0.016, df = 34, 1-tailed t test) and
pV47 fingerprints (t = 1.07, P = 0.073, df =
37, 1-tailed t test) at the  = 0.10 level.
Average Similarity of Males and
of Females Among Plots
We used Lynch’s (1991) index of betweenpopulation similarity corrected by within-pop–
ulation similarity (S ij) to determine if there
was partitioning of genetic variation among
plots. Using pV47 and CTTxAGG fingerprints
for both male and female striped skunks, we
–
noted that none of the S ij values were significantly <1.0, indicating that between-plot genetic variation was similar to within-plot genetic
variation for each sex (Table 2).
Another indicator of partitioning of genetic
variation among plots is differences in the
average number of bands per animal among
plots. Males averaged 11.7 bands and females
12.2 bands for pV47 fingerprints; for CTTxAGG fingerprints, the average was 7.6 bands
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TABLE 2. Distances between plots and indices of between-population similarity adjusted for within-population similar–
ity (S ij) for male and female striped skunks using pV47 and CTTxAGG DNA fingerprints on the Southern High Plains,
Texas, 1994–1995.

Plots compared
Halfway – Olton
Plainview – Claytonville
Plainview – Halfway
Claytonville – Halfway
Plainview – Olton
Claytonville – Olton

pV47
____________________________
Males
Females
_____________
____________

CTTxAGG
___________________________
Males
Females
____________
____________

Distance (km)

1994

1995

1994

1995

1994

1995

1994

1995

17.6
24.4
41.2
47.2
58.4
61.6

1.00
1.00
1.00
1.02
0.98
0.98

0.97
1.02
1.00
1.01
0.99
0.98

1.00

1.00

0.99
1.01
1.00
0.99
1.01
1.01

0.98
1.00
0.99
1.00
0.98
1.01

1.00

1.02

per male and 7.8 bands per female. There was
no difference among plots in the number of
bands for males or females for either pV47 fingerprints (males F = 1.40, P = 0.253, df = 3,
57; females F = 0.08, P = 0.971, df = 3,28) or
CTTxAGG fingerprints (males, F = 1.30, P =
0.637, df = 3,44; females, F = 1.25, P =
0.314, df = 3,24).
Relationship Between Genetic Similarity
of Males and Geographic Distance
–
Between-plot similarity (S ) did not decrease
as distance between plots increased for males
using pV47 (Pearson’s product-moment correlation: r = –0.16, P = 0.623, n = 12; MantelHaenszel test: χ2 = 0.28, P = 0.60, df = 1;
Fig. 1) or CTTxAGG fingerprints (Pearson’s
product-moment correlation: r = 0.44, P =
0.149, n = 12; Mantel-Haenszel test: χ2 =
2.16, P = 0.14, df = 1; Fig. 1).
DISCUSSION
Little work has been done on the population genetics of striped skunks. Using allozymes, Bixler (2000) found that striped skunks
have levels of heterozygosity and polymorphisms slightly higher than average for terrestrial carnivores. Bixler (2000) found no difference in alleles between populations of striped
skunks located 32 km apart in Tennessee, but
did find a different allele in skunks from Iowa.
Although Bixler (2000) used a very different
type of genetic marker than we did, our results
agree with her finding that there was little
genetic differentiation on a local geographic
scale.
Striped skunks appear to be intermediate
on the gradient of carnivore sociality. They do
not form groups to forage, raise young, or de-

0.99
1.01

0.95
0.93

fend against predators, although they may den
communally during the winter (Ewer 1973,
Gunson and Bjorge 1979, Godin 1982). Neither male nor female striped skunks maintain
exclusive home ranges (Hansen 1997, Larivière and Messier 1998, Bixler and Gittleman
2000). Storz (1999), who reviewed studies of
genetic structure in highly social mammals,
found low to moderately high genetic differentiation among social groups, along with consistently high levels of within-group heterozygosity. He concluded that in most cases social
barriers to gene flow are not sufficient to promote high degrees of genetic subdivision and
inbreeding. It seems likely that carnivores of
intermediate sociality such as striped skunks
would demonstrate even less genetic differentiation among local populations. This is consistent with our finding of no spatial effects on
partitioning of genetic variation in biparentally
inherited genetic markers.
Previous research has suggested that striped
skunks are polygynous, probably with malebiased dispersal (Sargeant et al. 1982; but see
below). Bjorge et al. (1981) defined juvenile
dispersal as any movement between capture
locations >4.8 km and found that 23% of juvenile striped skunks captured more than once
between July and October had dispersed.
Straight-line distances between captures of
dispersing juveniles ranged from 5.9 to 10.1
km for 7 males and from 5.6 to 21.7 km for 4
females. Rosatte and Gunson (1984) found no
difference between mean dispersal distances
of juvenile male and female striped skunks
during the period July–December. Dispersal
distances ranged from 0.4 to 9.7 km. During
our study (which did not follow dispersing animals), adult male skunks on our study area
commonly moved straight-line distances ≥3 km
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Fig. 1. Comparison of mean between-plot similarity indices (S ) calculated from pV47 and CTTxAGG DNA fingerprints and distances between plot centers for male striped skunks from the Southern High Plains, Texas, 1994–1995.
Between-plot similarity indices have standard error bars.

during March–August, and the longest movement recorded was 7.2 km (Hansen 1997).
Sargeant et al. (1982) recorded adult male
striped skunks dispersing between 10 and 119
km in North Dakota. Less is known about adult
female movements, although Sargeant et al.

(1982) found that 43% of females trapped on a
plot in the Northern Plains were present the
next year, suggesting female philopatry. Dispersal rates appear to be inconsistent among populations of striped skunks, with relatively longdistance movements possible by individuals of
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either sex. However, our observations of a tendency for females to be more genetically similar than males on a plot supports Seargent et al.’s
(1982) conclusion of male-biased dispersal, at
least on our study area.
Our results are consistent with the models
of Avise (1995) and of Chesser and Baker (1996).
The lack of spatial genetic structure in striped
skunks indicates that at the scale of this study
(≤60 km) gene flow of biparentally inherited
genes of striped skunks is not distance-mediated. A high annual turnover of individuals in
the population (Hansen 1997), lack of geographic barriers on the Southern High Plains,
and the dispersal abilities of males appear to
have resulted in a relatively outbred population of striped skunks within the 60-km range
of our study. However, our finding of partitioning of genetic variation between sexes and
the model of Chesser and Baker (1996) suggest
that a study of maternally inherited genes,
such as mitochondrial DNA, might document
greater levels of spatial genetic differentiation
in local striped skunk populations.
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MODEL OF BREEDING HABITAT OF THE MOUNTAIN PLOVER
(CHARADRIUS MONTANUS) IN WESTERN WYOMING
Gary P. Beauvais1 and Rebekah Smith1
ABSTRACT. —To aid the conservation and management of Mountain Plovers (Charadrius montanus), we developed a
spatially explicit model of breeding habitat for the shrub-steppe of western Wyoming. Points of Mountain Plover presence and absence were determined by field surveys conducted May through June 1999. At each point we measured
topographic slope and a cover type suitability index related to vegetation height and density. Logistic regression
revealed a strong negative relationship between presence and slope, and a weaker and positive relationship between
presence and cover index. A multiple logistic regression model using slope and cover index to predict presence successfully classified 87% of the points in an independent data set covering much of western Wyoming. The spatial expression
of this model will help managers target future surveys and identify currently unsuitable habitat that could be improved
via vegetation management. Patches of suitable breeding habitat of the Mountain Plover in western Wyoming are probably functions of poor soil, low precipitation, and wind scour, and thus are likely rather persistent in space and time.
Combined with the relatively large proportion of publicly owned land here, this may make conservation and recovery of
the Mountain Plover easier in western Wyoming than in the more dynamic and privately controlled Great Plains.
Key words: Mountain Plover, Charadrius montanus, habitat, logistic regression, modeling, shrub-steppe, Wyoming.

large proportion of privately owned land in
the region. However, much of the western
shrub-steppe part of the breeding range is
under the jurisdiction of the USDI Bureau of
Land Management, providing an opportunity
to coordinate recovery efforts over a fairly
large area. Furthermore, this region is not subject to as much cultivation as the short-grass
prairie. The most pervasive human land use in
shrub-steppe systems is open-range livestock
grazing, which is not only compatible with
Mountain Plover reproduction but, in some situations, can increase habitat quality (Kantrud
and Kologiski 1982, Knopf 1996).
To integrate conservation of Mountain
Plovers with other land uses, natural resource
managers need to know the potential for
Mountain Plover occurrence both locally and
regionally. Such knowledge would make field
surveys more efficient by identifying areas of
likely occurrence and also would help identify
currently unsuitable habitat that could be
made suitable via management. Our objective
was to model the probability of Mountain
Plover occurrence across a relatively unstudied
part of their range, the shrub-steppe of western Wyoming, using habitat attributes that are
currently available to managers in digital form.

The Mountain Plover (Charadrius montanus)
is endemic to western North America where it
breeds in flat, dry, and sparsely vegetated sites
in short-grass prairie and adjacent shrub-steppe
(Knopf 1996). Population declines began early
in the 20th century (Cooke 1915, Abbott 1940,
Laun 1957) and have continued to the present
(Graul and Webster 1976, Knopf 1994, 1996).
Several factors may be responsible for these
declines; the most significant are probably cultivation, fire-suppression, and alteration of native grazing regimes in the short-grass prairie
(Knopf 1994, 1996). Cultivation can destroy
nests directly (Shackford et al. 1999) and,
along with altered disturbance regimes, can
reduce habitat quality by producing tall and
relatively dense vegetation. These factors may
have converted some parts of the short-grass
prairie from population sources to population
sinks, though further research is needed.
On 16 February 1999 the U.S. Fish and Wildlife Service proposed listing the Mountain
Plover as threatened under the Endangered
Species Act (U.S. Fish and Wildlife Service
1999), making the species a management priority for land and wildlife managers. Coordinating conservation efforts for Mountain Plovers
in the short-grass prairie is complicated by the

1Wyoming Natural Diversity Database, University of Wyoming, Box 3381, Laramie, WY 82071.
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We built a model with observations of Mountain Plovers we collected in the field, and then
validated it with an independent set of observations from an existing database of wildlife
occurrences.
STUDY AREA
This project was conducted in the Jack
Morrow Hills, a region of about 2.8 × 105 ha in
southwestern Wyoming east of the town of
Farson and south of South Pass City (Fig. 1a).
This area includes parts of the Green River,
Sweetwater River, and Great Divide Basin
watersheds and encompasses the site where
John Kirk Townsend collected the first Mountain Plover known to science in 1832 (Knopf
1996). The study area lies completely within
the Wyoming Basins ecoregion (Fig. 1b), a
shrub-dominated semidesert whose current
boundaries were modified from Bailey (1995)
by Groves et al. (2000).
Elevation in the study area ranges from
2020 m to 2640 m; topography is variable,
ranging from broad flats to steep ridges and
buttes. Coarse, rocky soils alternate with stabilized sand (Munn and Arneson 1998). Annual
precipitation ranges from 203 mm to 305 mm,
the majority of which occurs in April and May
(Martner 1986). Land cover is dominated by
Wyoming big sagebrush (Artemisia tridentata
var. wyomingensis) and desert shrub assemblages (e.g., Atriplex confertifolia, Sarcobatus
vermiculatus), with frequent patches of bare
soil, rock outcrops, and vegetated and unvegetated sand dunes (Merrill et al. 1996). Small
patches of aspen (Populus tremuloides) and
juniper ( Juniperus scopulorum, J. osteosperma)
occur infrequently near seeps and springs.
Over 90% of the study area is under the jurisdiction of the USDI Bureau of Land Management.
METHODS
Field Surveys and
Habitat Measurement
Survey routes for Mountain Plovers were
established along roads in 3 parts of the study
area (Fig. 1a). Cumulative length of all survey
route segments was 191 km, and variation in
vegetation and topography along the routes
was representative of the entire study area.
Five Mountain Plover surveys were conducted
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on each route from 18 May to 30 June 1999.
Each survey was performed from a vehicle
traveling 30–40 km ⋅ hr–1 between 0600 and
1900 hours in favorable weather and involved
2 experienced observers searching for birds by
eye and binocular. The same 2 observers performed all surveys. Each observation of Mountain Plovers was located to at least the nearest
16 m using vehicle odometer and 1:24,000scale topographic maps, and entered into a
digital point theme using the ArcView (version
3.1; Environmental Systems Research Institute,
Redlands, CA) geographic information system.
The 16-m level of precision was chosen to
match the mapping precision of the points in
the model data set to those in the validation
data set. We termed these points “presentpoints” to reflect the confirmed presence of
Mountain Plovers.
We then measured topographic slope and
vegetation type at each present-point by overlaying the point on (1) a raster map of topographic slope and (2) a polygon map of land
cover types. The first map identified percent
slope ([rise/run] *100) within each 30 × 30-m
section of Wyoming and was derived from a
digital elevation model based on satellite
imagery (W. Reiners and K. Driese, University
of Wyoming, Laramie).
The land cover map is described in detail
in Merrill et al. (1996). Briefly, it delineates
polygons of unique primary and secondary
land cover types (Table 1) and estimates percent coverage of each type, based on satellite
imagery and computer classification. For some
polygons, percent coverage of primary and
secondary types did not sum to 100, and an
“other” (tertiary) cover type also was identified. We calculated an index of cover suitability at each present-point by first scoring cover
types 1–5 according to their suitability as
Mountain Plover breeding habitat (Table 1).
Those scores were based primarily on typical
height and density of vegetation in each cover
type, although substrate mobility and soil moisture also were considered for some types (e.g.,
active dunes, grass-dominated riparian). Scores
were assigned following a review of published
studies of Mountain Plover habitat use (e.g.,
Wallis and Wershler 1981, Olson and Edge
1985, Parrish 1988) and consultation with
experts on Wyoming vegetation (W. Fertig and
G. Jones, Wyoming Natural Diversity Database, University of Wyoming, Laramie). The
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cover suitability index at each present-point
was calculated as:
Cover suitability index = (primary cover
type score * [% coverage of primary
type / 100]) +
(secondary cover type score * [%
coverage of secondary type / 100])
+ (tertiary cover type score * [%
coverage of tertiary type / 100])
(1)
The 3rd term was not necessary for some observations because percent cover of the primary and secondary types summed to 100.
Using similar methodology, we measured
topographic slope and cover suitability index
at each of 60 points along the survey routes at
which Mountain Plovers were not observed
(“absent-points”). That number, selected after
our field surveys were complete, was chosen
to match the ratio of present-points : absentpoints in the model data set to that of the validation data set. The set of absent-points was
developed by generating a point every 1000 m
along each segment of the survey routes (191
points total), then eliminating points that fell
within 1000 m of Mountain Plover observations. We then selected 60 of the remaining
points; selection was random within the constraint that the number of points selected on a
given route segment was proportional to the
length of that segment. This ensured that
absent-points were distributed evenly across
the survey routes.
Model-Building
and Validation
To ensure that our results were as robust as
possible, we removed potentially biased observations from the model data set. Mountain
Plovers are most often reported from flat and
sparsely vegetated sites (e.g., Graul 1975, Parrish 1988); because observers are most likely
to see birds in such sites, there is a strong possibility of bias when surveying across several
vegetation types and topographies. To minimize that bias, we noted the position and
behavior of each bird when it was first seen.
The present-points used to build our statistical
model included only those points where birds
were initially observed on the road surface or
road margin. Because visibility of birds in those
positions was not a direct function of vegetation or topography, the relative frequency of
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those observations was a less biased estimate
of the relative frequency of occurrence of
Mountain Plovers in the terrain immediately
adjacent to the road.
This is based on the assumption that roads
hold little attraction for Mountain Plovers in
our study area, and that Mountain Plover distribution here is driven primarily by the qualities of adjacent cover types and not the roads
themselves. This assumption may not hold in
cultivated areas where Mountain Plovers are
increasingly attracted to road surfaces as crops
take over the formerly bare fields that initially
attracted the birds. There is no cultivation in
our study area, nor is there any other substantial change in height or density of vegetation
during the Mountain Plover breeding season.
To minimize spatial autocorrelation between
present-points, we identified points that fell
within 1000 m of each other, then eliminated
one of the pair at random. Because mean internest distance has been estimated at <200 m
(Graul 1973) and brood rearing areas at <91
ha (Knopf and Rupert 1996), a spacing of 1000
m increased the probability that each presentpoint represented an independent observation.
We used logistic regression within the program Minitab (version 11; Minitab Inc., State
College, PA) to model the relationship between
Mountain Plover occurrence, topographic
slope, and cover suitability index. Logistic regression is a statistically robust modeling technique (Press and Wilson 1978) that defines the
probability of the “true” (or, in this case, “present”) condition of a binary response variable as
a function of independent variables (Hosmer
and Lemeshow 1989). The model included the
unbiased set of present-points and all 60 randomly chosen absent-points, used Mountain
Plover presence / absence as the dependent
variable, and cover suitability index and percent slope as independent variables. Three
separate models were constructed: 2 using
each of the independent variables separately,
and 1 using both independent variables simultaneously.
Accuracy of the latter model was evaluated
as its ability to predict Mountain Plover presence and absence for points in the modeling
data set and in an independent validation data
set. The validation data set consisted of 455
points distributed throughout the Wyoming
portion of the Wyoming Basins ecoregion (Fig.
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b

Fig. 1. (a) Detail of the Jack Morrow Hills study area, showing the 3 Mountain Plover survey routes (dotted lines). (b)
The Jack Morrow Hills study area (small, dark polygon) in the context of the Wyoming portion of the Wyoming Basins
ecoregion (larger, lighter polygon). I = Green River watershed; II = Sweetwater River watershed; III = Great Divide
Basin watershed.

1b). Sixty-five of those were confirmed observations of Mountain Plovers that were made
during the breeding season and mapped to
≤16 m of their actual location, as documented
in the Biological and Conservation Database
at the Wyoming Natural Diversity Database
(University of Wyoming, Laramie). The remain-

ing 390 points were located randomly and
thus represented available rather than unoccupied habitat. Because intensity and distribution of survey effort for Mountain Plovers were
unknown for the entire validation region, we
could not reliably identify absent-points to
include in the validation data set. All points in

WESTERN NORTH AMERICAN NATURALIST

92

TABLE 1. Mountain Plover habitat suitability scores for
Wyoming land cover types identified by Merrill et al.
(1996). Scores were assigned following a literature review
of Mountain Plover habitat use and discussions with
experts on Wyoming vegetation types, and were based
primarily on the height and density of vegetation within
each land cover type; 1= least suitable; 5 = most suitable.
Land cover type

Habitat suitability score

All forested types
Open water
Permanent snow
Subalpine meadow
Shrub-dominated riparian
Meadow tundra
Alpine exposed rock and soil
Human settlements
Surface-mining operations
Grass-dominated wetland
Grass-dominated riparian
Mesic upland shrub
Xeric upland shrub
Basin big sagebrush
Irrigated crops
Bitterbrush shrub steppe
Mountain big sagebrush
Wyoming big sagebrush
Desert shrub
Greasewood fans and flats
Vegetated dunes
Active sand dunes
Black sagebrush steppe
Saltbush fans and flats
Dryland crops
Unvegetated playa
Basin exposed soil
Great Basin foothills grassland
Mixed-grass prairie
Short-grass prairie

1
1
1
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
4
4
4
4
5
5
5
5

the validation data set were separated by at
least 1000 m.
To estimate classification success of the
multiple logistic regression model, it was necessary to select a cutoff probability such that a
predicted probability greater than the cutoff
indicated presence, and a predicted probability less than the cutoff indicated absence. Following Fielding and Haworth (1995), we defined the cutoff probability as the midpoint
between mean probabilities for the presentand absent-points.
RESULTS
We recorded 23 observations of Mountain
Plovers during the surveys. This included 16
observations of single birds and 7 observations
of ≥2 birds (observations of ≥2 birds were
treated as single present-points in the model-
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ing procedure). Although we observed no
nests or hatchlings, we saw vigorous brokenwing displays from adults on both the first and
last surveys of the project, suggesting that
birds were in breeding condition during the
entire survey period and that nests were in the
vicinity.
Eleven of the 23 observations were of walking or motionless birds >20 m from the road
center in low and open vegetation; we eliminated these from the model data set. Two of
the remaining 12 observations were within
1000 m of similar observations; we randomly
eliminated 1 observation from each pair. One
of the remaining 10 observations was of a single bird that flushed from the road margin
about 3 m from the road center and 50 m in
front of the survey vehicle. Although we did
not initially observe that bird on the ground,
we included the observation in the model data
set on the assumption that we would have
seen the bird even if it had not flushed. Therefore, the final model data set consisted of 10
present-points and 60 absent-points, all separated by ≥1000 m. The ratio of present-points
to absent-points in the model data set (10/60
= 0.17) is equal to the ratio of present-points
to available-points in the validation data set
(65/390 = 0.17).
The logistic relationship between probability of Mountain Plover presence and percent
slope was strongly negative, with an essentially zero probability of presence at slope values
>8% (Fig. 2a). The null hypothesis that all
slopes in the model were zero was rejected (G
= 6.764, df = 1, P = 0.009), and the model
had good fit to the data (deviance chi square
= 20.524, df = 33, P = 0.956). The relationship between probability of Mountain Plover
presence and cover suitability index was positive, with probability increasing sharply at
suitability indices >3.3 (Fig. 2b). This model
was only weakly significant (G = 1.877, df =
1, P = 0.171), and goodness-of-fit was rather
low (deviance chi square = 13.901, df = 6, P
= 0.031). Note that the model data set contained a relatively small range (2.30–4.10) of
cover suitability indices.
Multiple logistic regression of probability
of Mountain Plover presence on percent slope
and cover suitability index yielded a significant (G = 8.799, df = 2, P = 0.012) model
with good fit (deviance chi square = 37.527,
df = 56, P = 0.973). Percent slope was a
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DISCUSSION
Model Success

Fig. 2. Logistic relationship between probability of
Mountain Plover presence and (a) percent slope, and (b)
cover type suitability index. Percent slope = [rise / run] *
100, and was derived from a digital elevation model with
30-m resolution. Cover type suitability index is outlined in
equation 1 (in text) and Table 1. Solid-line segments indicate ranges of data from which the models were estimated; dotted segments are extrapolations beyond those
ranges. Y = probability of Mountain Plover presence.

strong predictor (Z = –2.25, P = 0.024), whereas cover suitability index was weaker (Z = 1.42,
P = 0.156). The multiple logistic regression
equation was:
ln (Y / 1 – Y) = –7.824 + 2.241
(cover suitability index) – 0.5661
(percent slope),

(2)

where Y = probability of Mountain Plover
presence.
This model successfully classified 8 of 10
(80%) present-points and 43 of 60 (72%) absentpoints in the modeling data set. Overall classification success for the modeling data set was
73%. The model also predicted presence at 39
of 65 (60%) present-points in the validation
data set and predicted absence at 356 of 390
(91%) available-points in the validation data
set, for an overall validation success of 87%.

As has been documented elsewhere in their
range (e.g., Graul 1975, Parrish 1988, Knopf
and Miller 1994), we found Mountain Plover
occurrence in our study area to be a function
of topographic slope and vegetation stature.
Percent slope was a strong predictor of Mountain Plover presence when used either as a
sole predictor (Fig. 2a) or in combination with
the cover suitability index (equation 2).
Although the cover suitability index was a
statistically weaker predictor in both single(Fig. 2b) and double-variable (equation 2) models, it is important to note that the model data
set contained a rather narrow range of cover
suitability indices (Fig. 2b). The predictive
power of this variable is likely most apparent
at extreme values, because animal presence
and absence are more predictable in very suitable and very unsuitable cover types, respectively. To investigate this further, we compared
the classification success of the multiple logistic regression model to that of a model using
slope alone as a predictor, using only those
points in the validation data set with cover
suitability indices ≤2.0 or ≥4.0 (N = 82). The
double-variable model predicted presence at
15 of 15 (100%) present-points and absence at
54 of 67 (81%) available-points (overall classification success = 84%). The single-variable
model predicted presence at 11 of 15 (73%)
present-points and absence at 56 of 67 (84%)
available-points (overall classification success
= 82%). Because of the relatively high success
rate of the double-variable model, and because
the cover suitability index increased success
predicting presence in very suitable cover
types, we selected the double-variable model
as the best tool to map suitable Mountain
Plover habitat in the shrub-steppe of western
Wyoming. This model predicted 66% of our
study area to have ≤1% probability of Mountain Plover presence, and 1% of our study area
to have ≥70% probability of Mountain Plover
presence.
There are likely other habitat factors to which
Mountain Plovers are responding when selecting breeding areas, and the inclusion of such
variables in the model may significantly improve its classification success. For example,
amount of soil moisture, coverage of bare
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ground (Knopf and Miller 1994), and availability
of small patches of shade (Shackford 1996) are
all thought to be important. Also, note that the
vegetation map used in this study was based
on a minimum mapping unit of 100 ha (Merrill
et al. 1996), and there is much variation in
vegetation type and structure within this scale.
A model of Mountain Plover occurrence based
on finer-scale vegetation information may have
higher classification success.
Additionally, Mountain Plovers may be using
non-physical factors to select breeding sites.
Mountain Plovers tend to nest in clusters in
seemingly homogenous habitat (Graul 1973,
Knopf 1996), suggesting a preference for close
proximity to conspecifics; the 23 Mountain
Plover observations recorded in this study
formed 2 rather loose clusters separated by
about 13 km. Also, Graul (1973, 1975) noted
that on native prairie adults often nested within previous year’s breeding territories, and
chicks often returned to their hatching territory to nest. Even Mountain Plovers nesting
on cultivated fields show inter-year site fidelity,
although it is weaker than among those nesting on native prairie (Shackford and Leslie
2000). Thus, strong site fidelity may cause some
birds to return to territories that have changed
substantially since they were first selected; i.e.,
some individuals may be responding to past,
rather than current, territory conditions. This
behavior would weaken models such as ours
that relate bird positions to current vegetative
structure.
Habitat Selection
The preference of Mountain Plovers for flat
and sparsely vegetated sites documented in
this study is completely consistent with results
of studies conducted elsewhere (e.g., Graul
1975, Parrish 1988, Knopf and Miller 1994).
This preference ultimately may be a predatoravoidance strategy (but see Sordahl 1991).
Predators take a significant proportion of Mountain Plover eggs (Graul 1975, Miller and Knopf
1993, Knopf and Rupert 1996) and chicks
(Miller and Knopf 1993, Knopf and Rupert
1996), suggesting strong pressure to develop
anti-predator behaviors. Flat areas devoid of
tall vegetation afford maximum sight distance
to nesting and foraging birds, and Mountain
Plovers observed in this study were constantly
alert and scanning their surroundings.
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We observed Mountain Plovers only on 2
general landforms: rims of broad ridges and
flats far from superior topographic features.
This suggests that avoidance of aerial predators may be especially important. Even lowflying ambush raptors such as Prairie Falcons
(Falco mexicanus), Short-eared Owls (Asio flammeus), and Northern Harriers (Circus cyaneus)
would be forced to silhouette themselves
against the sky when approaching these landforms. We observed all 3 of these raptor species
on our study area, with the latter being the
most common.
It is likely that patches of suitable Mountain
Plover habitat are more stable in size and
position in western Wyoming than in shortgrass prairie. In short-grass prairie, low and
sparse vegetation is largely due to episodic
drought, fire, and intense grazing. The spatiotemporal distribution of these processes is highly
variable, and prairie vegetation can recover
from such disturbances on a relatively short
time scale. Thus, distribution of high-quality
habitat probably shifted rapidly across the
prairie historically and likely continues to do
so within the constraints of cultivation, firesuppression, and artificial grazing regimes.
In contrast, patches of low and sparse vegetation in the shrub-steppe of western Wyoming
are largely due to poor soil quality, chronically
low precipitation, and constant wind scour
(especially during winter). These factors are
relatively static in time and space, leading to
persistent bare patches. Thus, distribution of
high-quality Mountain Plover habitat was likely
very stable historically and, because human
actions have not substantially changed the
causative factors, may be much the same now
as in presettlement times.
Because patches of high-quality habitat may
be primarily controlled by abiotic factors in
shrub-steppe systems, the association between
Mountain Plovers and prairie dogs (Cynomys
spp.) may be weaker here than in short-grass
prairie. In short-grass prairie, Mountain Plovers
prefer colonies of black-tailed prairie dogs (C.
ludovicianus) to areas without prairie dogs
(Tyler 1968, Campbell and Clark 1981, Knowles
et al. 1982, Knowles and Knowles 1984, Olson
and Edge 1985, Olson-Edge and Edge 1987).
Black-tailed prairie dogs typically form large
and dense colonies. Intense herbivory by blacktailed prairie dogs in and around such colonies
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maintains short vegetation. In contrast, whitetailed prairie dogs (C. leucurus) in western
Wyoming form more diffuse colonies in areas
with substantial shrub cover and topographical variation. Although Mountain Plovers do
nest on colonies of white-tailed prairie dogs
(Campbell and Clark 1981), studies comparing
density or frequency of occurrence between
sites on and off colonies of white-tailed prairie
dogs have not yet been performed.
Model Applications
As with output from all predictive models,
our model results are best viewed as hypotheses on Mountain Plover distribution. Although
the model was generally successful at predicting Mountain Plover occurrence over a large
area, there is some error associated with its
predictions. This is especially true in the prediction of Mountain Plover presence (60% success) at any given site. Therefore, the most
appropriate use of this model is to identify
areas of probable occurrence on which to focus
future surveys. Mountain Plover conservation
will be best served by confirming presence of
breeding birds through such surveys, then designing management actions to minimally impact areas of known occupation.
A second appropriate use of our model is to
identify currently unsuitable habitat that could
become suitable via vegetation management.
In the shrub-steppe of western Wyoming, there
are several sites of low topographic slope currently dominated by shrubs or other tall vegetation but with the potential to support shortgrass or cushion plant communities following
fire, grazing, or other manipulations. Pursuing
such manipulations on appropriate sites might
allow managers to facilitate population recovery by not only protecting currently suitable
habitat but also by increasing habitat area.
Because suitable habitat occurs as relatively rare, small, well-bounded, and persistent
patches in western Wyoming, land and wildlife managers should be able to efficiently survey for Mountain Plovers here. Furthermore,
maintaining and enhancing habitat quality
across most of this region should be relatively
easy due to the high proportion of land under
federal jurisdiction. This contrasts with the
situation in short-grass prairie, where flat and
sparsely vegetated areas are larger, more diffuse and ephemeral, and typically under private ownership.
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LABORATORY FATTENING AND DIETARY-FAT EFFECTS ON
MEADOW VOLES (MICROTUS PENNSYLVANICUS)
Edward T. Unangst, Jr.,1 and Bruce A. Wunder1
ABSTRACT.—When removed from the field and maintained under laboratory conditions, meadow voles exhibited significant change in body composition. Voles increased body mass due primarily to large gains in lipid mass combined
with small losses in fat-free mass. Lipid deposition amounts increased as dietary fat was increased, and animals demonstrated a leveling of body mass instead of continuous unregulated obesity. When dietary fat content was changed, lipid
deposition or utilization responded directly. Thus, meadow voles regulate overall body mass and body composition (lipid
and fat-free mass) at levels that correspond to dietary quality (fat) and abundance in the laboratory, and they deposit considerably more lipid than do animals in the field. Our experiments demonstrate that food quality has a substantial effect
on the body composition of wild-caught animals maintained in the laboratory.
Key words: meadow voles, body composition, fat, dietary fat, EM-SCAN.

tion reported incidental to other research focus
areas. Thus, a study to document the rate of
change in body composition in wild-caught
rodents maintained in the laboratory was warranted.
Hence, we sought to document the degree
and rate of lipid deposition using noninvasive
and repeatable measures with individual animals over time, in wild-caught meadow voles
kept under laboratory conditions. In addition,
we investigated the effect of dietary fat on
already fattened animals to more fully understand body composition dynamics in voles.

In the wild, relative body fat levels of many
small mammals are quite low, often ranging
from 3% to 8% of total body mass (Fleharty et
al. 1973, Iverson and Turner 1974, Schreiber
and Johnson 1975, Morton and Lewis 1980,
Voltura 1997), with seasonal variation in body
fat reported in some species. However, seasonal
change in lipid is often the result of decreases
in lean mass, not increases in lipid mass, resulting in an overall increase in relative fat content
in winter. The above-mentioned studies suggest that potential causes for such leanness in
the wild may be due to high metabolic demands,
low diet quality and/or availability, active lifestyle, or some combination of these.
Whether field-caught (Hayward 1965, Batzli
and Esseks 1992, Voltura 1997) or lab-reared
(Sawicka-Kapusta 1970, 1974, Ferns and Adams
1974, Holleman and Dieterich 1978, Donald et
al. 1980, Batzli and Esseks 1992, Voltura and
Wunder 1998), small mammals held under
laboratory conditions often increase body fat
within weeks to levels exceeding those observed
in the field. In these studies body fat often
exceeded 10% of body mass within 30 days.
Suggested causes include confinement that
reduces activity; unnatural, highly digestible
diets; stable environmental conditions; or any
combination thereof. In these studies animals
were maintained on either laboratory rodent
chow or alfalfa, with changes in body composi-

METHODS
Experiment 1:
Laboratory Condition Effects
Meadow voles were trapped using Sherman
live-traps (28 × 18 × 13 cm) from local populations in 3 mixed-grass riparian fields at the
U.S. Air Force Academy, El Paso County, Colorado. Trapping was conducted in January (winter), April (spring), and June (summer) 1997 to
represent different seasons. For each trapping
session we collected 12 adult voles (>30 g) of
equal sex ratios. Because pregnant small rodents
maintain extremely low fat levels (Gyug and
Millar 1980, Lochmiller et al. 1983, Voltura
1997), we omitted all pregnant females (determined by observation and/or abdominal

1Department of Biology, Colorado State University, Fort Collins, CO 80523.

97

98

WESTERN NORTH AMERICAN NATURALIST

palpation). Due to low trapping success and
the difficulty in aging voles, 5 animals <29 g
were used in the January group. For all trapping sessions, traps were set approximately 1
hour before dusk and checked within 1 hour of
sunrise. During January and April, trapping
also occurred during daylight hours, with
traps checked every 2 hours.
Upon capture, voles were given an apple
slice and piece of lab rodent chow (Lab Diet
5001, PMI Feeds) to assist in rehydration and
provide gut-fill. Voles were held in capture
traps and transported to a laboratory at the
U.S. Air Force Academy to noninvasively estimate body composition using an EM-SCAN®
device (Voltura and Wunder 1998, Unangst and
Wunder 2001). Unangst and Wunder (2001)
demonstrated the estimation accuracy of lipid
mass to be 1.44 ± 0.26 g in meadow voles. All
body composition estimates were completed
within 2 to 3 hours of capture. Voles were then
individually housed (28 × 18 × 13-cm cage) in
an environmental chamber at 23°C with natural photoperiod and fed lab chow (approximately 100 g; Lab Diet 5001, PMI Feeds) and
water weekly. Although each group began with
12 voles (6 male, 6 female), animals that did
not survive the entire 6-week experimental
period were omitted from analyses. Thus, an
unequal number of voles completed each session. Total body mass (Ohaus E400D, 0.01 g),
body composition (fat-free mass and lipid mass),
and food intake were measured weekly. After
removing orts (uneaten food), we replaced food
weekly. Intake was determined by subtracting
orts from the food offered. Individual intake
values were then summed by group and divided
by 7 for daily intake.
Experiment 2:
Dietary-fat Effects
In this experiment we used lab-fattened
voles from the June group (experiment 1) combined with an additional 12-vole group captured
in September 1997. As previously described in
experiment 1, we fed the June voles lab chow
for 6 weeks. After 6 weeks the diet was changed
to high fat for 3 more weeks. In contrast, we
fed the September group a high-fat diet for
the initial 6 weeks instead of lab chow. Then
the diet was switched to lab chow (cakes of
ground lab chow) for 3 more weeks. The highfat diet consisted of lab chow with added fat
(vegetable oil), resulting in a calculated dietary
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fat of 5–25%. Lab chow was mixed with distilled water and vegetable oil (4:2 by volume)
to form a paste and then pressed into cakes
with a quarter-pound hamburger press. To
evaporate water and minimize fat volatilization, we then baked the cakes at a low temperature (80°C) for 4 hours and dried them for an
additional 24 hours at 50°C. Vegetable oil was
selected to maximize available polyunsaturated fats, the most prevalent lipid form in
natural vegetation (National Research Council
1964, VanSoest 1994). To ensure that nutrient
dilution on the high-fat diet did not occur, a
proximate analysis (Nahm 1992) of the high-fat
diet was completed by the Soil, Water, and
Forage Analysis Laboratory, Colorado State
University, Fort Collins, Colorado. We compared body composition patterns between the
June and September groups to determine
whether body composition response would be
affected by dietary fat and the order of food
presented.
Statistics
For both experiments a repeated-measures
ANOVA (SAS proc mixed; SAS Institute, Inc.
1989) with time (week) as the fixed effect and
subject as a random effect was performed for
each body composition parameter: total body
mass, lipid mass, fat-free mass, relative lipid
mass, and relative fat-free mass (component/
total body mass). To test the similarity in body
composition response between groups in experiment 1, we used a repeated-measures
ANOVA (SAS proc mixed) with time (week)
and seasonal group as fixed effects and subject
nested within group as the random effect. In
experiment 2 we made comparisons between
groups for all body composition parameters
with repeated-measures ANOVA (SAS proc
mixed) using time (week) and group (environmental condition, food type) as fixed effects
and subject nested within group as a random
effect. For all experiments, a repeated-measures ANOVA was also completed for food
intake and intake per gram body mass. In
addition, a change value for each body composition parameter was calculated to better illustrate the magnitude of change over time.
Change values included the change from experiment start to week 2, start to week 4, start
to week 6, and week 6 to week 9 (when appropriate). Change values were calculated by subtracting the initial value at the start of the

2003]

LABORATORY FATTENING AND DIETARY FAT

99

Fig. 1. Comparison of body composition dynamics of voles captured in January, April, and June and fed laboratory
rodent chow (Lab Diet 5001, PMI Feeds) and water ad lib for 6 weeks. Values represented are mean plus/minus 1 standard
error (error bars). Different numbers indicate a significant difference between consecutive weeks (P < 0.05). * indicates
a significant difference by week from the parameter value at the start of the experiment.

experiment from week 2, week 4, or week 6
value, respectively, and week 6 from week 9.
For all comparisons, statistical significance was
set at P < 0.05.
RESULTS
Experiment 1:
Laboratory Condition Effects
Gains in total body mass in all groups were
mainly due to large increases in lipid mass
coupled with small losses in fat-free mass (Fig.
1). In each group all body composition parameters demonstrated significant change over
time (P < 0.01), with a leveling in lipid mass
and body mass reached within 3 weeks. In the

January group a gain in total body mass of 6.18
± 2.18 g was due mainly to an increase in lipid
mass (8.84 ± 1.21 g), combined with a loss of
fat-free mass (2.95 ± 1.30 g; Table 1). The April
capture group gained 8.90 ± 1.79 g in total
body mass, with increases in lipid mass of
10.29 ± 1.12 g and losses of fat-free mass of
2.50 ± 1.17 g (Table 1). Similar change was
shown in the June group, with an increase in
total body mass (7.08 ± 2.97 g) due to lipid
mass gains of 10.40 ± 1.85 g and fat-free mass
losses of 4.29 ± 2.27 g (Table 1).
Because the January group had lower total
body mass and fat-free mass when beginning
the manipulation than the April and June
groups (P < 0.05), we compared the groups
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TABLE 1. Comparison of body composition parameters for seasonal groups fed laboratory rodent chow (Lab Chow
5001, PMI Feeds) and water ad lib. Values are mean plus 1 standard error in parentheses. ANOVA F value indicates
degree of similarity or difference for 3 groups for each body composition parameter from the start of experiment to each
successive 2-week period. No significant differences were found for any body composition parameter between groups at
any time period (P < 0.05).
Time
Condition

F value
(ANOVA)

January 97
(n = 12)

April 97
(n = 9)

June 97
(n = 10)

Start to week 2
Mass change (g)
Lipid mass change (g)
Fat-free mass change (g)
% mass change
% lipid mass change
% fat-free mass change

0.9736
0.4617
0.5743
0.8851
0.5401
0.8311

4.30 (1.31)
5.90 (0.58)
–1.85 (1.13)
12.97 (3.84)
410.55 (86.73)
–6.23 (3.54)

4.70 (2.38)
6.22 (1.48)
–1.52 (1.39)
11.04 (5.90)
315.03 (112.61)
–4.29 (4.03)

4.16 (1.24)
7.40 (0.60)
–3.20 (0.94)
10.06 (3.48)
476.14 (96.98)
–7.32 (2.38)

Start to week 4
Mass change (g)
Lipid mass change (g)
Fat-free mass change (g)
% mass change
% lipid mass change
% fat-free mass change

0.9806
0.6936
0.5277
0.7658
0.5752
0.6808

6.40 (1.96)
8.41 (1.19)
–2.27 (1.09)
19.46 (6.01)
592.63 (135.49)
–7.40 (3.57)

5.84 (2.17)
8.81 (1.46)
–4.22 (1.07)
13.73 (5.10)
434.12 (139.38)
–11.36 (2.93)

6.28 (2.09)
9.86 (1.10)
–3.54 (1.51)
15.56 (5.64)
661.27 (167.38)
–7.50 (3.66)

Start to week 6
Mass change (g)
Lipid mass change (g)
Fat-free mass change (g)
% mass change
% lipid mass change
% fat-free mass change

0.7245
0.6841
0.7400
0.9575
0.4651
0.8985

6.18 (2.18)
8.84 (1.21)
–2.95 (1.30)
19.31 (6.65)
625.80 (136.18)
–9.44 (4.05)

8.90 (1.79)
10.29 (1.12)
–2.50 (1.17)
21.03 (4.26)
414.49 (108.92)
–6.49 (3.14)

7.08 (2.97)
10.40 (1.85)
–4.29 (2.27)
18.18 (8.05)
696.02 (211.24)
–8.48 (5.81)

TABLE 2. Summary of the effects of food quality on body composition. For 6 weeks group A was fed laboratory rodent
chow (Lab Diet 5001, PMI Feeds), and group B was fed a high-fat diet. After 6 weeks diet was switched for an additional
3 weeks. All values are mean plus 1 standard error (in parentheses).
Time
Condition
Start to week 6 (A = lab chow, B = high fat)
Mass change (g)
Lipid mass change (g)
Fat-free mass change (g)
Week 6 to week 9 (diet change: A = high fat, B = lab chow)
Mass change (g)
Lipid mass change (g)
Fat-free mass change (g)

Group A

Group B

7.08 (2.97)*
10.40 (1.85)*
–4.29 (2.27)*

5.74 (2.08)*
13.18 (0.94)*
–7.44 (1.53)*

5.86 (0.81)**
2.99 (0.55)**
2.88 (0.57)**

–8.69 (1.22)**
–6.41 (1.81)**
–3.52 (1.02)**

* indicates significant difference from body composition parameter at start of experiment.
** indicates significant difference from body composition parameter at week 6 following change in diet (P < 0.05).

for relative lipid mass and relative fat-free
mass (proportion of total body mass). No significant time-by-group interaction (F10,166 =
1.15; P = 0.33) nor group effect (F2,30 = 0.52;
P = 0.60) was found for either relative lipid
mass or relative fat-free mass, suggesting no
seasonal effect on body composition change.
Thus, when meadow voles are removed from
the wild and held in the lab with lab chow
under stable experimental conditions, they increase total body mass and lipid mass and decrease lean mass regardless of season of capture.

Experiment 2:
Dietary-fat Effects
As reported above, voles eating lab chow
over 6 weeks increased total body mass, with
gains in lipid mass and losses of fat-free mass.
When the diet was switched after 6 weeks to a
high-fat diet for an additional 3 weeks, voles
gained an added 5.86 ± 0.81 g of total body
mass, with increases in both lipid mass (2.99 ±
0.55 g) and fat-free mass (2.88 ± 0.57 g; Fig. 2,
Table 2). In the September group voles directly
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Fig. 2. Body composition change for June voles fed laboratory rodent chow for 6 weeks, then a high-fat diet for an
additional 3 weeks. Values represented are mean plus/minus 1 standard error (error bars). Different numbers indicate a
significant difference between consecutive weeks (P < 0.05). * indicates a significant difference from parameter value
at the start of the experiment (P < 0.05). “a” indicates a significant difference from parameter value at week 6 to the following 3 weeks (P < 0.05).

from the field were given the high-fat diet
rather than lab chow for 6 weeks. After 6 weeks
on the high-fat diet, they had gained 13.18 ±
0.94 g of lipid mass (26.58 ± 1.18 % relative
body fat). Over the same time period, total
body mass increased 5.74 ± 2.08 g, with losses
in fat-free mass of 7.44 ± 1.53 g (Fig. 3, Table
2). When diet was changed to lab chow for 3
additional weeks, voles lost 8.69 ± 1.22 g in
total body mass from the body mass at week 6,
including 6.41 ± 1.81 g of lipid mass and 3.52
± 1.02 g of fat-free mass.
Overall, voles gained more lipid mass and
lost more fat-free mass when eating a high-fat
diet (Table 2) than those on a lab-chow diet.
Because the June group ate more lab chow
(approximately 1.5 g per day) than the September group ate high-fat chow (Table 3), the
smaller losses in fat-free mass estimates may
be due to gut-fill effects (Voltura and Wunder
1998).
The September group showed small, but
nonsignificant, increases (<0.5 g) in intake
when their high-fat food was switched to lab
chow (Table 3). In the June group voles eating
lab chow showed slight decreases in food

intake over the initial 6-week period, with
continued decreases when provided the highfat diet, potentially reflecting the higher caloric
value per gram of food due to increased fat in
the high-fat diet.
DISCUSSION
In these experiments we demonstrated that
significant change in body composition results
when meadow voles are removed from the
natural environment and held under stable
laboratory conditions with ad lib food. Regardless of season, the body composition pattern
was consistent. In all experiments increases in
body mass were due to large gains in lipid
mass, combined with small losses in fat-free
mass. Changes in body fat in our study are
similar to those reported by Ferns and Adams
(1974), Sawicka-Kapusta (1974), and Batzli and
Esseks (1992) for microtine rodents removed
from the field and captive-reared, but none of
these authors reported changes in fat-free mass.
Ferns and Adams (1974) showed that after 3
weeks in the lab, M. agrestis increased body
fat 4- to 5-fold the amounts seen in wild voles.
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Fig. 3. Body composition change for September voles fed a high-fat diet for 6 weeks, then laboratory rodent chow for
an additional 3 weeks. Values represented are mean plus/minus 1 standard error (error bars). Different numbers indicate
a significant difference between consecutive weeks (P < 0.05). * indicates a significant difference from parameter value
at the start of the experiment (P < 0.05). “a” indicates a significant difference from parameter value at week 6 to the following 3 weeks (P < 0.05).

Sawicka-Kapusta (1970, 1974) demonstrated
that the body-fat content of laboratory M.
arvalis was >10% after 20 days of age and that
wild-caught Clethrionomys glareolus reached
levels >10% body fat by 30 days of age when
kept in laboratory cages. When brown lemmings (Lemmus sibiricus) were removed from
the field and held in the laboratory, Batzli and
Esseks (1992) found that animals increased
body fat from field levels of 3–5% up to 9–13%
when fed natural vegetation. When fed unnatural, highly digestible food (rabbit chow), brown
lemmings further increased body fat to over
30%. Hollemann and Dieterich (1978) also reported that brown lemming body fat exceeded
10% after 3 weeks of age, with values as high
as 44% in a laboratory colony fed lab chow.
Such increases in fat are uncommon in
microtine rodents in the wild. Although decreases in total body mass and increases in relative body fat have been reported as an overwinter survival strategy (Fuller et al. 1969,
Iverson and Turner 1974, Zuercher et al. 1999),
the mass decrease is due primarily to reductions
in lean tissue. Presumably, these reductions
lessen overall energy requirements in response

to thermoregulatory or nutritional constraints.
However, when these constraints are removed,
as in our study, voles deposit fat at levels not
observed in the field. Based on the plateau in
body composition, our study animals not only
increased overall size (mass) but also seemed
to regulate this change possibly to retain some
“acceptable or ideal” size relative to perceived
environmental constraints.
Batzli and Esseks (1992) reported that food
intake is positively correlated with body fat. In
contrast, we found that food intake decreases
over time as voles became fatter. Because fat
tissue is less metabolically active than lean tissue, increased body fat should not require increased metabolic energy once fat is deposited.
In addition, because voles were simultaneously losing fat-free mass, overall metabolic
demands may have been reduced even though
voles were becoming heavier. Thus, to ingest
identical calories, voles could eat less high-fat
diet than lab chow or reduce food intake as
body composition changed.
When voles were fed lab chow (5% fat),
they increased relative body fat from <5% to
approximately 25% within 6 weeks. By further
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TABLE 3. Summary of food intake rates for groups fed different diets. For 6 weeks group A was fed laboratory rodent
chow (Lab Diet 5001, PMI Feeds), and group B was fed a high-fat diet. After 6 weeks diet was switched for an additional
3 weeks. Values are mean plus 1 standard error (in parentheses).
Week

Group A

Group B

Week 1 (A = lab chow, B = high fat)
Intake/d (g)
Intake/g body mass (g/g–1)

8.04 (0.48)
0.18 (0.01)

6.30 (0.64)
0.12 (0.01)

Week 2
Intake/d (g)
Intake/g body mass (g/g–1)

8.57 (0.37)
0.18 (0.01)

6.30 (0.64)
0.12 (0.01)

Week 3
Intake/d (g)
Intake/g body mass (g/g–1)

7.02 (0.38)*
0.14 (0.01)

5.77 (0.38)
0.10 (0.00)

Week 4
Intake/d (g)
Intake/g body mass (g/g–1)

6.48 (0.30)
0.13 (0.01)

4.82 (0.23)
0.09 (0.00)

Week 5
Intake/d (g)
Intake/g body mass (g/g–1)

6.67 (0.34)
0.13 (0.01)

4.96 (0.27)
0.09 (0.00)

Week 6
Intake/d (g)
Intake/g body mass (g/g–1)

6.13 (0.30)
0.12 (0.01)

5.22 (0.35)
0.09 (0.01)

Week 7 (diet change: A = high fat, B = lab chow)
Intake/d (g)
Intake/g body mass (g/g–1)

5.55 (0.31)
0.10 (0.01)

5.63 (0.38)
0.11 (0.01)

Week 8
Intake/d (g)
Intake/g body mass (g/g–1)

4.50 (0.21)
0.08 (0.00)

5.71 (0.23)
0.12 (0.00)

Week 9
Intake/d (g)
Intake/g body mass (g/g–1)

4.54 (0.14)
0.08 (0.00)

5.71 (0.23)
0.12 (0.00)

* indicates significant differences between consecutive weeks within a group (P < 0.05).

increasing dietary fat to 25% (high-fat diet),
voles gained additional body fat to levels exceeding 30%. However, regardless of diet, voles
did not continue to increase body mass. Rather,
they showed a leveling (reduction in change)
in body mass with each diet. In all cases rapid
lipid deposition occurred within 1 to 2 weeks
in the lab, followed by a leveling (less change)
in all body composition parameters for the
remaining time. When fat content of the diet
was changed, body composition responded in
a similar direction. We suggest that body composition changes relate to diet, where voles
regulate body mass and body composition at
levels respondent to dietary quality and abundance. Unlike laboratory rats, which continue
to deposit added body fat without limit when
given ad lib food (Donald et al. 1980), animals
in our study reached certain body composition
levels relative to diet quality. Because we did
not observe progressive diet-induced obesity,

we feel that voles may endogenously regulate
body composition cued by diet by differentially varying lipid and fat-free mass in relation
to diet.
There are many possible explanations for
higher body fat levels observed when animals
are held in the laboratory (Hayward 1965, Batzli and Esseks 1992). Paramount among these
are the following: (1) an unnatural highly digestible food, (2) a reduction in activity lessening
overall energy demands, (3) stable environmental conditions reducing energy demands
for thermoregulation, or (4) some interaction
of these. Although we cannot comment on
activity or environment from this study, our
results indicate that food quality has a strong
effect on body composition when animals are
removed from their natural environment and
acclimated to laboratory conditions.
As initially identified by Hayward (1965) in
Peromyscus sp., the fundamental change in
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body composition with removal from the field
may likely influence many physiological parameters measured. Acknowledging that this
dramatic change in body fat can occur within a
few weeks is necessary to ensure that laboratory results gathered from wild-caught animals
maintained in the laboratory are not biased by
such body composition dynamics.
ACKNOWLEDGMENTS
This work was completed as partial fulfillment of the doctoral program of E.T. Unangst,
Jr., and was supported by a grant from the
Directorate of Faculty Research, United States
Air Force Academy. P. Chapman assisted with
statistical analyses. We thank W. Alldredge, G.
Florant, J. Kent, K. Wilson, D. Hale and 3
anonymous reviewers for comments on earlier
versions of this manuscript.
LITERATURE CITED
BATZLI, G.O., AND E. ESSEKS. 1992. Body fat as an indicator of nutritional condition for the brown lemming.
Journal of Mammalogy 73:431–439.
DONALD, P., G.C. PITTS, AND S.L. POHL. 1980. Body weight
and composition in laboratory rats: the effects of diets
with high and low protein. Science 211:185–186.
FERNS, P.N., AND M.G. ADAMS. 1974. The effects of laboratory confinement on lipid deposition in wood mice,
bank voles, and field voles. Journal of Zoology 174:
524–528.
FLEHARTY, E.D., M.E. KRAUSE, AND D.P. STINNETT. 1973.
Body composition, energy content, and lipid cycles
of four species of rodents. Journal of Mammalogy
54:426–438.
FULLER, W.A., L.L. STEBBINS, AND G.R. DYKE. 1969. Overwintering of small mammals near Great Slave Lake,
northern Canada. Arctic 22:34–55.
GYUG, L.W., AND J.S. MILLAR. 1980. Fat levels in a subarctic population of Peromyscus maniculatus. Canadian
Journal of Zoology 71:820–827.
HAYWARD, J.S. 1965. The gross body composition of six
geographic races of Peromyscus. Canadian Journal of
Zoology 43:297–307.
HOLLEMAN, D.F., AND R.A. DIETERICH. 1978. Postnatal
changes in body composition of laboratory maintained brown lemmings, Lemmus sibiricus. Laboratory Animal Science 28:529–535.

[Volume 63

IVERSON, S.L., AND B.N. TURNER. 1974. Winter weight
dynamics in Microtus pennsylvanicus. Ecology 55:
1030–1041.
LOCHMILLER, R.L., J.B. WHELAN, AND R.L. KIRKPATRICK.
1983. Body composition and reserves of energy of
Microtus pinetorum from southwest Virginia. American Midland Naturalist 110:138–144.
MORTON, M.L., AND R.A. LEWIS. 1980. Annual changes in
blood parameters, organ weights, and total body lipid
in Peromyscus maniculatus and Microtus ochrogaster
from a prairie environment. Journal of Interdisciplinary Cycle Research 11:209–218.
NAHM, K.H. 1992. Practical guide to feed, forage and
water analysis. Yoo Han Publishing, Seoul, Korea.
269 pp.
NATIONAL RESEARCH COUNCIL. 1964. Joint United States–
Canadian tables of feed composition. Publication
1232. Washington, DC. 167 pp.
SAS INSTITUTE, INC. 1989. SAS/STAT user’s guide, version 6, volume 2. SAS Institute, Inc., Cary, NC.
SAWICKA-KAPUSTA, K. 1970. Changes in the gross body
composition and the caloric value of the common
voles during postnatal development. Acta Theriologica 15:67–79.
______. 1974. Changes in the gross body composition and
the caloric value of bank voles during postnatal
development. Acta Theriologica 19:27–54.
SCHREIBER, R.K., AND D.L. JOHNSON. 1975. Seasonal
changes in body composition and caloric content of
Great Basin rodents. Acta Theologica 27:343–364.
UNANGST, E.T., AND B.A. WUNDER. 2001. Need for speciesspecific model for body composition estimates of
small mammals using EM-SCAN. Journal of Mammalogy 82:527–534.
VANSOEST, P.J. 1994. Nutritional ecology of the ruminant.
2nd edition. Cornell University Press, Ithaca, NY.
476 pp.
VOLTURA, M.B. 1997. Seasonal variation in body composition and gut capacity of the prairie vole (Microtus
ochrogaster). Canadian Journal of Zoology 75:
1714–1719.
VOLTURA M.B., AND B.A. WUNDER. 1998. Electrical conductivity to predict body composition of mammals
and the effect of gastrointestinal contents. Journal of
Mammalogy 79:279–286.
ZUERCHER, G.L., D.D. ROBY, AND E.A. REXSTAD. 1999.
Seasonal changes in body mass, composition, and
organs of northern red-backed voles in interior
Alaska. Journal of Mammalogy 80:443–459.
Received 13 February 2001
Accepted 13 February 2002

Western North American Naturalist 63(1), ©2003, pp. 105–107

FIRST SPECIMEN RECORDS FOR RUFFED GROUSE
IN COLORADO
Clait E. Braun1,3, Renzo J. Delpiccolo2, Richard W. Hoffman1, and Thomas E. Remington1
ABSTRACT.—We report the first specimen records for Ruffed Grouse (Bonasa umbellus) collected in Colorado, provide the location, describe the habitat, and briefly discuss the rarity of this species within the state. Three Ruffed
Grouse were collected, an adult male in September 1988 and a juvenile male and adult female in September 1990, on
Hoy Mountain, Moffat County, Colorado, within 0.6 km of Utah. The habitat is primarily open Douglas-fir (Pseudotsuga
menziesii) forest with scattered clumps of quaking aspen (Populus tremuloides) and Utah serviceberry (Amelanchier utahensis). Habitats to the north, east, and south are primarily dominated by sagebrush (Artemisia spp.) steppe and piñonjuniper (Pinus spp.–Juniperus spp.) woodland. We hypothesize that natural expansion of Ruffed Grouse further east,
north, and south is prohibited by unsuitable habitat exacerbated by the limited flight range capability of the species.
Key words: Bonasa umbellus, Colorado, habitat, Ruffed Grouse.

Ruffed Grouse were reported from Colorado by Cooke (1898) and Sclater (1912).
Cooke (1898) mentioned that a single bird had
been collected from a small flock south of
Denver in December 1894 and that others
were seen on 3 January 1898 near Sweetwater
Lake, Garfield County. Although the AOU
Check-list (1957) included northwestern Colorado in the range of Ruffed Grouse, more
specific references (Aldrich and Duvall 1955,
Aldrich 1963) did not. Bailey and Niedrach
(1965:254) were unable to locate specimens
from the state but suggested that “it is probable that a few dwell in the rough country adjacent to the Utah line.” Reported sightings
exist for La Plata County (1947; Reddall 1976),
Larimer County (1899; Cooke 1900), and
Montrose County (1948; Bailey and Niedrach
1965). More recently (1971), one was reported
from Routt County (Martin et al. 1974). However, Hoffman and Braun (1978) concluded that
all reported Colorado observations were of Blue
Grouse (Dendragapus obscurus) or Sharp-tailed
Grouse (Tympanuchus phasianellus).
SPECIMENS
On 24 October 1988 a hunter shot an unusual
grouse on Hoy Mountain, Moffat County, Colorado, while hunting Blue Grouse. This specimen was donated to the Colorado Division of

Wildlife where we identified it as an adult male
(gonadal inspection) Ruffed Grouse. This specimen was subsequently deposited in the Denver
Museum of Nature and Science (DMNH
#39566) as a study skin (Fig. 1). We examined
the Hoy Mountain area on 6–7 November 1988
and found Blue Grouse but no Ruffed Grouse.
RWH and TER returned to Hoy Mountain and
searched specifically for Ruffed Grouse on 26
and 27 September 1990. Four Ruffed Grouse
were observed along with many Blue Grouse.
Two of the Ruffed Grouse were collected and
deposited in the Denver Museum of Nature
and Science (DMNH #41920, an adult female
prepared as a study skin, and DMNH #42054,
a juvenile male prepared as a skeleton). These
3 specimens are the first documented Ruffed
Grouse collected in Colorado and confirm
breeding. All 3 individuals are gray phase and
probably represent B. u. incana, which is known
from adjacent areas in Utah (Bailey and Niedrach 1965, Hayward et al. 1976, Behle 1981).
The specific collection location is in T9N,
R104W, S25 (40º42′N, 109º02′W) on land
managed by the Bureau of Land Management
on Hoy Mountain, Moffat County, Colorado,
within 0.6 km of the Utah line (Daggett County).
No Ruffed Grouse were observed on adjacent
Wild Mountain, and none has been encountered during extensive research and huntercheck station activity nor in wing collections

1Colorado Division of Wildlife, Wildlife Research Center, 317 West Prospect Road, Fort Collins, CO 80526.
2Colorado Division of Wildlife, Box 400, Mesa, CO 81643.
3Corresponding author and current address: Grouse Inc., 5572 N. Ventana Vista Road, Tucson, AZ 85750.
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Fig. 1. First specimen of Ruffed Grouse collected in Colorado: (a) dorsal view, (b) lateral view, and (c) ventral view.

from Cold Spring Mountain to the north, Blue
Mountain to the south, or anywhere else in
Moffat County or Colorado.
HABITAT
Hoy Mountain lies at an elevation of 2190–
2600 m, the highest point being the boundary
with Utah. That portion in Colorado slopes to
the east-northeast and has a small, wet drainage.
The plant community at the base of the mountain is sagebrush (Artemisia spp.) steppe; a
band of curlleaf mountain mahogany (Cercocarpus ledifolius) occurs at a slightly higher
elevation. This habitat mixture changes with
increasing elevation to scattered clumps of
quaking aspen (Populus tremuloides), and Utah
serviceberry (Amelanchier utahensis) in moist
sites. Douglas-fir (Pseudotsuga menziesii) is
the dominant conifer at higher elevations.
Scattered piñon pine (Pinus spp.) and juniper
( Juniperus spp.) trees occupy drier sites. Nar-

rowleaf cottonwood (Populus angustifolia) trees
occur along the wet drainage in conjunction
with willows (Salix spp.), Woods rose (Rosa
woodsii), raspberry (Rubus spp.), and a mixture
of grasses, sedges, and forbs. The area is rocky
and quite steep with intermittent small drainages. Vegetational changes occur rapidly with
elevation.
DISCUSSION
Twomey (1942) reported collection of 3
Ruffed Grouse near Paradise Park in Uintah
County, Utah (~70 km west of Hoy Mountain), and observations of Ruffed Grouse near
Green Lake in Daggett County, Utah (~56 km
northwest of Hoy Mountain). Specimen records
from Utah also are available from Duchesne
County (Bailey and Niedrach 1965) and Summit County (immediately west of Daggett
County) and along the Uinta Mountains to the
northwest (Behle 1981). Thus, Ruffed Grouse
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occur in suitable habitat in Utah west, south,
and north of Hoy Mountain. It is likely the
small numbers of Ruffed Grouse within Colorado are part of the northeast Utah population. We find it interesting that Bailey and
Niedrach (1965:254) speculated accurately
that “it is probable that a few [Ruffed Grouse]
dwell in the rough country adjacent to the
Utah line.” The Hoy Mountain collection site
is mostly inaccessible by vehicle from Colorado, and limited access exists through Utah,
explaining, in part, the lack of knowledge of
the avifauna in this remote area of Colorado.
Habitats where the Ruffed Grouse were
collected on Hoy Mountain appear similar, but
richer floristically, to habitats commonly used
by Blue Grouse in Colorado (Hoffman and
Braun 1978). The habitats in which the Ruffed
Grouse were observed and collected were
small and discontinuous within the overall landscape. We speculate the abundance of Utah
serviceberry as well as the presence of aspen
provided important winter forage for Ruffed
Grouse in this area. However, both species are
abundant in many areas in Colorado. Areas
immediately east, north, and south of Hoy
Mountain are not suitable for Ruffed Grouse
as they are dominated by sagebrush and piñonjuniper.
Thus, occupied Ruffed Grouse habitat in
Colorado appears limited to the Hoy Mountain area. This area lies within the loop of the
Green River that flows southeast from Daggett
County, Utah, into Moffat County, Colorado,
and curves to the southwest into Uintah County,
Utah, south of Hoy Mountain. Other potentially suitable habitat for Ruffed Grouse in Colorado lies north (Cold Spring Mountain, ~25
km) and south (Blue Mountain, ~25 km) of
the Green River. However, Ruffed Grouse are
known to have limited flight capability over
unsuitable habitat (Palmer 1962, Moran and
Palmer 1963). We conclude that expanses of
unsuitable habitat have prevented Ruffed
Grouse from expanding their range further
into Colorado.
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WATER TEMPERATURE AT OVIPOSITION SITES OF
RANA LUTEIVENTRIS IN NORTHEASTERN OREGON
Evelyn L. Bull1 and Jay F. Shepherd2
ABSTRACT.—Water temperature at which Columbia spotted frog (Rana luteiventris) eggs were deposited and developed was determined at 18 oviposition sites in northeastern Oregon in 2000. Mean daily water temperature on the day
of initial egg deposition ranged from 7.6°C to 16.0°C with a mean of 9.6°C. Maximum water temperatures on the 1st day
of egg deposition ranged from 9.8°C to 20.2°C and averaged 15.5°C. Eggs were not deposited on days when maximum
water temperature was below 9.4°C. Duration of egg deposition ranged from 1 to 20 days at the 18 sites. Embryos hatched
after 12–21 days. Mean and maximum daily water temperatures were significantly correlated with number of days to
hatching.
Key words: Columbia spotted frog, embryonic temperature tolerance, northeastern Oregon, Rana luteiventris, ranid.

Knowledge of the breeding biology and
thermal requirements of ranids is essential for
a broad understanding of each species and its
individual abilities to adapt to environmental
fluctuations common during the breeding season. Little information is available on water
temperature for breeding and embryonic thermal requirements of ranid frogs in the northwestern United States, and most literature is
based on laboratory studies. Moore (1939) reported temperature tolerance of eggs for 5 ranid
species in the eastern United States and found
that embryonic temperature sensitivities are
correlated with environmental temperatures
during the breeding season. Embryos of the
earliest breeding species develop faster and
tolerate lower temperatures than other ranids
that breed later in the year under warmer conditions. Ryan (1941) explored the effects of previous exposure to one temperature on the subsequent development rate of Rana pipiens eggs
at another temperature.
Temperature tolerance limits are temperature ranges at which 50% or more of the
embryos develop normally (Brown 1967). The
species of ranids that occur in the northwestern United States for which there is information on temperature limits include R. aurora
aurora (4–21°C; Licht 1971), R. sylvatica (6–
24°C; Herreid and Kinney 1967), R. cascadae
(6–27°C; Sype 1975), R. pretiosa pretiosa
(6–28°C; Licht 1971), R. luteiventris (6–28°C;

Johnson 1965), and R. pipiens (5–28°C; Moore
1939). Average water temperature on the 1st
day of egg deposition has been determined to
be 7–9°C for a population of R. sylvatica (Herreid and Kinney 1967). Both R. aurora aurora
and R. pretiosa pretiosa are known to breed
when water temperature of breeding ponds
reaches 6°C at a depth of 61 cm (Licht 1971).
Although basic breeding biology of R. luteiventris is known (Turner 1960, Morris and
Tanner 1969, Cuellar 1994), no comprehensive
field studies have been conducted to document temperature at oviposition of this species.
Our objective was to determine water temperature on days when oviposition occurs in R.
luteiventris in natural breeding sites within
the Blue and Wallowa Mountains.
METHODS
During spring 2000 we monitored water
temperature at 18 oviposition sites of R. luteiventris in 12 breeding ponds (ponds 4–9,
11–16; Table 1) in the Grande Ronde River
watershed in Union County and in 4 breeding
ponds (ponds 1–3, 10; Table 1) along the Wallowa River in Wallowa County in northeastern
Oregon. Ponds 6 and 7 each contained 2 oviposition sites. Eleven of the 12 ponds were
within 300 m of the Grande Ronde River, and
1 pond (pond 16) was 1600 m from the river.
The surface of these ponds typically froze in

1Pacific Northwest Research Station, 1401 Gekeler Lane, La Grande, OR 97850.
2Department of Fish and Wildlife Resources, University of Idaho, Moscow, ID 83844-1136.

108

2003]

COLUMBIA SPOTTED FROG TEMPERATURE TOLERANCE

109

TABLE 1. Initial and last day of egg deposition (interval in days); number of days on which eggs were deposited; number of egg masses deposited at that oviposition site; and mean, minimum, and maximum water temperature (°C) on the
day that eggs were first deposited at 18 oviposition sites of R. luteiventris in northeastern Oregon, 2000.

Site

Dates of egg
deposition

No. days eggs
deposited

No. egg masses

1
2
3
4
5
6A
6B
7A
7B
8
9
10
11
12
13
14
15
16

22 Mar–7 Apr (17)
22 Mar–10 Apr (20)
27 Mar–5 Apr (10)
1–11 Apr (11)
3–9 Apr (7)
3–8 Apr (6)
4–8 Apr (5)
4–7 Apr (4)
5–12 Apr (8)
6–14 Apr (9)
8–9 Apr (2)
8–22 Apr (9)
9–18 Apr (10)
13–22 Apr (10)
14–27 Apr (14)
14–23 Apr (10)
21 Apr (1)
28 Apr– 2 May (5)

12
11
3
6
5
6
4
2
8
7
2
6
5
5
6
7
1
4

47
16
5
11
7
15
9
3
28
17
7
8
7
5
6
10
1
9

November and thawed between March and
May depending on elevation. Elevation of
these ponds ranged from 924 m to 1810 m.
Four ponds were within 200 m of the Wallowa
River, 3 remained ice-free, and all were at
about 960 m elevation. The 16 ponds ranged
in size from 60 to 28,500 m2. All breeding
ponds had permanent water (primarily from
springs), except pond 9, which dried.
Data loggers (Onset Computer Corporation) recording water temperature at 1-hour
intervals were placed at each oviposition site
at least 2 weeks prior to the date that egg
deposition had occurred in past years; the
exact location of oviposition sites had been
determined in a previous study (Bull and Hayes
2000). Data loggers were submerged 3–5 cm
below the surface of the water, as this is the
depth where egg masses typically were found.
The oviposition sites were checked twice a
week until frogs appeared at the site, after
which they were checked daily to record the
number of frogs and egg masses seen. The
time that sites were checked was recorded.
New egg masses were identified with a numbered flag along their edge. Oviposition sites
were checked daily until eggs hatched (stage
20; Gosner 1960) or until no new egg masses
were deposited for a week, at which time data
loggers were removed.
Mean, maximum, and minimum temperatures were calculated for the day that egg depo-

Water temperature
_________________________
Mean
Min.
Max.
10.1
16.0
12.1
8.8
9.3
9.3
8.3
10.0
8.7
7.9
10.9
9.3
8.4
9.4
7.6
–
8.2
9.3

4.2
12.9
6.2
4.2
5.0
5.4
4.2
2.5
5.0
6.6
6.2
5.8
4.2
6.2
5.8
–
6.6
4.6

17.9
20.2
19.8
17.1
16.8
16.0
13.3
19.8
14.9
11.4
18.7
14.9
14.5
11.8
9.8
–
11.8
14.9

sition was initiated at each oviposition site. We
determined the average of the mean, maximum, and minimum daily water temperatures
from onset of egg deposition until hatching,
Spearman’s rank-order correlation coefficients
were used to test for significant correlations
between number of days to hatching and average of the mean, maximum, and minimum
water temperature during that time period.
RESULTS
The 1st egg masses were deposited at the
18 oviposition sites between 22 March and 28
April (Table 1, Figs. 1, 2). Frogs were observed
at 16 of 18 oviposition sites 1–12 days (x– =
6.2, s = 3.49, n = 16) before eggs were deposited. Amplexing pairs were observed at 6
oviposition sites 1–9 days (x– = 3.2, s = 3.06, n
= 6) before eggs were deposited. Mean daily
water temperature on the day eggs were
deposited ranged from 7.6°C to 16.0°C, with a
mean of 9.6°C for 17 oviposition sites.
Because the oviposition site at pond 14 was 8
m from the one used in previous years, we did
not know temperatures prior to or on the day
of egg deposition. The data logger was moved
to the new oviposition site when eggs were
first deposited. Minimum water temperature
the night following egg deposition ranged
from 2.5°C to 12.9°C and averaged 5.6°C.
Maximum water temperature on the day eggs
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Fig. 1. Water temperature (°C) by date at oviposition site of R. luteiventris at pond 5 in northeastern Oregon, 2000.
Solid squares signify the days that eggs were deposited with the number of egg masses listed above each square. The
open square signifies the day that the eggs first hatched.

TABLE 2. Number of days to hatching (stage 20) and the average of mean, minimum, and maximum daily water temperatures (°C) during embryonic development at 13 oviposition sites of R. luteiventris in northeastern Oregon, 2000.

Oviposition site
1
2
3
4
5
7A
7B
10
11
12
13
14
16

No. days to hatching
15
16
14
16
21
13
13
19
21
18
17
18
12

were deposited ranged from 9.8°C to 20.2°C
and averaged 15.5°C.
Duration of egg deposition ranged from 1
to 20 days at the 18 oviposition sites. Four of
the ponds had 3–5 oviposition sites, which
actually lengthened the duration of breeding
in these ponds because some of the oviposition sites were used later than those we monitored (pond 1: 24 days, pond 3: 13 days, pond

Water temperature
___________________________________________
Mean
Minimum
Maximum
9.7
15.7
11.3
10.2
8.9
10.4
10.7
8.5
8.0
9.9
8.9
8.9
11.0

3.8
12.7
6.1
5.6
5.8
4.4
6.7
5.9
5.8
6.9
5.8
5.8
5.5

19.0
21.7
20.3
16.7
12.7
19.0
15.7
11.7
10.6
13.5
12.5
13.3
19.3

7: 20 days, pond 16: 7 days). Egg deposition
did not occur on cold days when the maximum
water temperature was below 9.4°C. Egg deposition was observed on 5 occasions between
0900 and 1430 hours, although it also occurred
outside this time period because newly deposited eggs (i.e., eggs in a very small cluster)
were observed prior to 0900 on several occasions.
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Fig. 2. Water temperature (°C) by date at oviposition site of R. luteiventris at ponds 1 and 2 in northeastern Oregon,
2000. Solid squares signify the days that eggs were deposited with the number of egg masses listed above each square.
The open square signifies the day that the eggs first hatched.
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Hatching occurred 12–21 days after deposition (Table 2). Mean and maximum daily water
temperatures were significantly correlated
with number of days to hatching (mean: r =
–0.7944, P = 0.001; maximum: r = –0.7732, P
= 0.002, n = 13; Table 2). Minimum water
temperatures were not correlated with hatching time. Hourly recordings of water temperatures did not drop below 1°C at night at any of
the sites. More than 50% of the embryos survived to hatch at each oviposition site, except
pond 9, where the embryos were eaten by
leeches.
DISCUSSION
Egg deposition was initiated at the oviposition sites when mean water temperature was
7.6–16.0°C, and maximum water temperature
was 9.8–20.2°C. These temperatures were
above the minimum embryonic thermal temperature (6°C) reported for R. luteiventris by
Johnson (1965). It appears that maximum
water temperatures had to be at least 9.8°C
for egg deposition to occur; no egg deposition
occurred when maximum water temperatures
were below that level. Johnson (1965) predicted
that a water temperature of 15–16°C would be
required for breeding in R. luteiventris.
The minimum water temperature on the
1st night following egg deposition was below
the minimum embryonic thermal temperature
at 11 of 18 sites. It is known that embryos are
able to withstand cold temperatures (1°C) for
several hours (Licht 1971, Sype 1975), and the
temperature tolerance of embryos increases
with age (Brown 1967). We observed deposition of eggs in the morning or early afternoon;
this timing provides warm temperatures for
the newly fertilized eggs and allows embryos
to undergo several hours of rapid development before being exposed to cold overnight
temperatures (Licht 1971). In addition, water
temperature within a cluster of ranid egg
masses may be higher than the surrounding
water (Herreid and Kinney 1967, Licht 1971,
Sype 1975).
Although water temperature appears to be
the primary factor determining timing of egg
deposition, we suspect other factors may exert
some influence. Ponds 1 and 2 were within 300
m of each other, and egg deposition occurred
on 22 March in both of them. Yet, ponds 1 and
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2 had mean water temperatures of 10.1°C and
16.0°C, respectively (Fig. 2). If water temperature was the sole factor determining oviposition, egg deposition should have occurred
sooner in warmer pond 2 than in pond 1. Photoperiod, distances between overwintering and
breeding sites, and water temperatures at
overwintering sites (which could determine
when frogs leave these sites) are additional
factors that could affect timing of egg deposition. Further research on the effect these other
factors play in breeding activity seems merited.
Temperature is the major factor influencing
the developmental rate of amphibian embryos.
Averages of the daily mean and maximum
water temperature were significantly correlated with the amount of time until hatching
in our study. The 12–21 days required for
hatching in this study differed from data for R.
luteiventris reported by Johnson (1965). In
laboratory situations with water at constant
temperatures, Johnson found that embryos
reached stage 20 after 476.5 hours (19.9 days)
at 10°C and after 197.2 hours (8.2 days) at
15°C. Herreid and Kinney (1967) reported that
R. sylvatica embryos greatly increased their
speed of development with small temperature
increases at low water temperatures. Overall
development time of embryos of R. dalmatina
and R. temporaria was a logarithmic function
of temperature (Riis 1991).
Information on breeding ecology is fundamentally important in developing an overall
picture of how disturbance factors influencing
water temperature may affect the reproduction
of amphibians in an ecosystem. The temperature at which breeding occurs is particularly
important because temperature tolerances of
embryos are more sensitive than those of
larvae or adults (Moore 1939). The variable
nature of water temperatures affects not only
the timing of breeding, but embryonic development and survival as well. Knowledge of
water temperature at breeding can be used to
determine the timing that population monitoring at oviposition sites should occur.
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“CURING” OF NICOTIANA ATTENUATA LEAVES BY SMALL MAMMALS
DOES NOT DECREASE NICOTINE CONTENTS
Ian T. Baldwin1
ABSTRACT.—Basal leaves of Nicotiana attenuata are frequently found neatly excised at the petiole and piled on rocks
or soil in the sun until dry, after which they disappear, sometimes to be found again in the nests of Neotoma lepida. In
response to herbivore attack, N. attenuata increases the concentration of nicotine in its leaves, where it functions as an
induced defense. Since excision of leaves at the petiole allows for leaf removal without substantially activating this
induced defense, and air-drying at high temperatures can volatilize nicotine, we examined the hypothesis that the
observed leaf “curing” behavior decreased nicotine contents. In a natural population, replicate bundles of excised leaves
were allowed to dry in the sun for up to 96 hours and harvested in 10 intervals. Even though surface temperatures
reached 63ºC during drying, no significant loss of nicotine was observed. In the laboratory, significant losses of nicotine
were not observed until leaves were dried at 100ºC. Nicotine contents of naturally “cured” leaf piles at 4 populations
were found to be marginally higher than those of neighboring intact plants from which the leaves were likely harvested.
We conclude that mammalian “curing” behavior does not reduce nicotine contents and may allow the leaves to be used
for insect repellant purposes.
Key words: Nicotiana attenuata, nicotine, leaf “curing,” hoarding.

Nicotiana attenuata Torrey ex. Watson (Solanaceae) is a post-fire annual of the Great Basin
Desert (Wells 1959, Young and Evans 1978,
Koniak 1985). A species that mass-germinates
after fires, it synchronizes its germination from
long-lived seed banks with germination stimulants in wood smoke (Baldwin et al. 1994) and
with the removal of germination inhibitors
present in the litter of the dominant vegetation (Preston and Baldwin 1999). If the seed
bank is large, the post-fire response can produce dense stands of plants that are exploited
by a variety of insect and mammalian herbivores. Several mammals, including blacktailed jack rabbits (Lepus californicus), mountain and desert cottontails (Sylvilagus nuttallii
and S. audubonii), and mule deer (Odocoileus
hemionus), have been observed eating stems
and leaves (I.T. Baldwin unpublished results).
However, other mammals exhibit a different pattern of leaf removal, one that we have
observed in more than 30 separate populations
of N. attenuata in Utah over the past decade.
In these situations, 1–2 basal leaves are neatly
excised at the petiole from as many as 10 plants
in a 200-m2 area and piled together to dry on
rocks or dark soil in the sun. In 3 large populations during the 1996 field season (described

in Baldwin 1998), this type of folivory accounted
for <1% of the leaf area lost to all herbivores,
but in 1 population in 1988 it accounted for
17% of all leaf area lost from 400 plants monitored for the duration of the growing season.
We have never witnessed this harvesting, but
occurrence of the leaf piles is strongly correlated with the presence of rock and ground
squirrels (Spermophilus townsendii and S. variegatus) and white-tailed antelope squirrels
(Ammospermophilus leucurus). In 1988, when
2 S. variegatus individuals were trapped from
a population, harvesting immediately stopped.
Leaves are harvested gradually over the growing season and invariably disappear from piles
when they are dry. Systematic searches of
mammal nests in 2 populations where leaf harvesting was observed found dried N. attenuata
leaves in 3 nests of the desert woodrat (Neotoma lepida). Whether the same species that
are responsible for harvesting are also using
the leaf material is unknown.
Nicotiana attenuata produces the neurotoxin
nicotine in high concentrations, and these concentrations increase dramatically when plants
are attacked by folivores, but even more so
when browsers damage stems (Baldwin and
Ohnmeiss 1993). However, if leaves are removed

1Department of Molecular Ecology, Max-Planck-Institute for Chemical Ecology, Jena 07745, Germany.
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by careful excision at the petiole, increases in
nicotine concentrations in the remaining tissues are kept to a minimum (Baldwin et al.
1998). Since nicotine is synthesized in the roots
and transported to the leaves in the xylem
stream (Baldwin 1989), leaf nicotine contents
cannot increase after excision. When homogenized leaf material is air-dried at 50ºC, significant quantities of nicotine are lost due to volatilization (Baldwin 1988), and since soil temperatures frequently rise above 50ºC in N.
attenuata’s habitats, it is possible that the observed leaf “curing” behavior lowers nicotine
concentrations.
Secondary metabolites function for plants
as attractants and repellants, but animals are
known to use a plant’s secondary metabolites
for a variety of additional purposes. For example, in the western Rocky Mountains, pikas
(Ochotona princeps) add Acomastylis rossii
leaves, which contain high levels of phenolics,
to their stored hay piles. These secondary compounds appear to preserve the biomass and
nutrient level of the plant tissue and are consumed only when phenolic levels have decreased, midway into the typical storage period
(Dearing 1997). Here we examined the hypothesis that N. attenuata leaves are harvested
to minimize nicotine induction and further
dried to lower the nicotine contents. Our results
clearly disprove this hypothesis.
METHODS AND MATERIAL
Site Description
During the 1996 growing season, N. attenuata plants were growing in two 1995 burns
that had been started by lightning strikes on
1 July (BLM fire R213; 1163 ha burned) and
8 August (R256; 168 ha burned) in junipersagebrush habitats of the eastern slope of Apex
Mine Mountain in the Beaver Dam Mountain
range, located to the west of Santa Clara, Utah.
In addition, plants were growing in a 1994 burn
(R332; 809 ha burned) that started on 2 July in
southwest Nevada near Motoqua, Utah.
Sampling Natural
“Curing” Piles
Samples of leaves in 11 curing piles were
collected during the 1996 growing season from
the 4 natural burns. One pile in burn R213
was found approximately 1 km from the other
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piles in the same burn, and this group was
analyzed separately. When a pile was discovered, adjacently growing plants were inspected
and leaf samples were collected from plants
from which the leaves in the curing piles could
have been harvested. Leaves were collected
from stalk positions both above and below the
harvested leaf positions.
Experimental Leaf Curing
Basal leaves (165) from 38 plants were harvested from plants growing in a plantation at
Brigham Young University’s field station, Lytle
Preserve, Beaver Dam Wash, Utah. Leaves
were haphazardly assembled into 33 five-leaf
piles and laid out on rocks in the sun at the
Lytle Preserve. Three haphazardly selected
leaf groups were harvested for water and nicotine contents at each of 11 collection times
(see x-axis of Fig. 1), including the control harvest at time 0. Soil temperatures were determined with a soil thermometer (Forestry Supplies, Inc.) at various times (see Fig. 1) during
the 96-hour experimental period.
To determine the temperature at which nicotine volatilizes from intact, freshly harvested
basal leaves (compared with homogenized leaf
material; see Baldwin 1988), basal leaves were
collected from greenhouse-grown plants, placed
in aluminum foil weighing boats, and dried in
an electric convection oven at 42°, 50°, 75°, or
100°C. For each drying temperature 3 replicate samples of 3 basal leaves each were dried,
and 3 replicate control samples were harvested
and freeze-dried to determine maximum nicotine levels (control; Fig 2).
After collection, leaf samples were prepared
for nicotine analysis by High Pressure Liquid
Chromatography as described in Baldwin (1998).
Data were analyzed by ANOVAs, or paired t
tests.
RESULTS
More than 80% of a leaf ’s water content
was lost by the 24-hour harvest of the experimental curing piles (Fig. 1, inset), and water
contents remained unchanged for the duration
of the experiment after the 24-hour harvest.
Nicotine contents did not change significantly
(P = 0.86; Fig. 1) over the 11 harvests of the
experiment, and contents were not correlated
with soil temperatures.
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Fig. 1. Mean percentage (± s) nicotine content for leaves experimentally “cured” on rocks in the sun at the Lytle Preserve for different lengths of time. Thirty-three piles of 5 Nicotiana attenuata leaves each were placed on the rocks and
harvested at different times, with 3 piles, haphazardly selected, at each harvest. Numbers below selected data points
indicate surface temperatures (ºC) on which the leaves were placed. Inset shows the mean percentage water loss of the
3 harvested N. attenuata leaf bundles at each collection time.

Fig. 2. Mean percentage (± s) nicotine content for
leaves before (open bars) and after drying in a convection
oven at 42°, 50°, 75°, or 100°C (solid bars). Leaves were
collected from greenhouse-grown plants and placed on
aluminum foil weighing boats with 3 replicates for each
temperature. Control samples were freeze-dried before
nicotine analysis by HPLC.

Fig. 3. Mean percentage (± s) nicotine content of leaves
found in “curing” piles (black bars) or in leaves collected
from neighboring plants from which leaves had been harvested (open bars) in 4 populations in Utah and Nevada.
Samples B and C are from the same large burn (fire R213)
but separated by almost 1 km. Numbers above each bar
indicate the number of replicate samples from each population.

Intact leaves did not lose significant quantities of nicotine (all P > 0.7) when dried at
temperatures of up to 75ºC, but when dried at
100ºC, leaves lost 31% of their nicotine contents (P < 0.001; Fig. 2).
Leaf samples collected from natural “cur-

ing” piles were marginally higher when “pile”
samples were compared against the mean of
the values from the basal leaves of neighboring plants (F1,10 = 4.22, P = 0.07; Fig 3). No
significant differences were found amongst
populations.
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DISCUSSION
Results clearly falsified the hypothesis that
the “curing” of N. attenuata leaves reduces nicotine contents. Temperatures required to volatize significant quantities of nicotine from intact
leaves (100ºC; this study) are clearly greater
than those for homogenized leaf material (50ºC;
Baldwin 1988). Nicotine is thought to be sequestered in the central vacuole, predominantly in epidermal cells (Saunders and Bush
1979), and homogenization by grinding leaves
in liquid N2 may rapidly externalize the nicotine where it is more easily volatilized. Apparently, soil temperatures that were in excess of
60ºC during the study were not sufficient to
lower nicotine contents.
The observation that nicotine contents of
leaves in “curing” piles tended to be higher
than the mean of phyllotactically adjacent leaves
not harvested from the same plants suggests
that the mammalian harvesters were selecting
leaves with high nicotine content. However,
nicotine contents cannot be the only determinant of leaf choice since nicotine content increases with stalk position on N. attenuata
plants (Baldwin and Ohnmeiss 1993), and
selection of smaller leaves growing at high
stalk positions, leaves not normally found in
curing piles, would maximize nicotine concentrations. Regardless, leaves are being cured in
a way that preserves nicotine contents, and
hypotheses should be considered for the function of this behavior.
Many bird species are known to add fresh,
aromatic leaves to their nest material (reviewed
in Gwinner et al. 2000), an action that may
function to reduce ectoparasite loads on nestlings (Wimberger 1984, Clark and Mason 1985)
or otherwise enhance the condition of nestlings through unknown pharmaceutical means
(Gwinner et al. 2000). The strong insecticidal
activity of nicotine (Schmez 1971) suggests
that Neotoma and rock, ground, and antelope
squirrels may derive similar benefits from
incorporating cured N. attenuata leaves into
their nests, but this hypothesis requires further testing.
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THE BREEDING SYSTEM OF AN ENDANGERED PUPFISH
(CYPRINODON ELEGANS)
John K. Leiser1 and Murray Itzkowitz1
ABSTRACT.—We examined the breeding behavior of the endangered Comanche Springs pupfish (Cyprinodon
elegans) during 3 separate breeding seasons in a pool of springwater originating in Phantom Cave, near Balmorhea State
Park, Texas, in relation to behaviors reported for the species in swift-flowing canals (Itzkowitz 1969). In the quiet pool,
unlike in swift water, the breeding system was characterized by 3 different male mating tactics: territorial defense, satellite positioning, and sneak spawning. Although the breeding strategies adopted by the males were conditional, mating
tactics generally reflected male size. Territorial residents were the largest, satellites were medium-sized, and sneakers were
the smallest adult males observed in the population. Territorial males traversed the least amount of area, defending compact territories, while satellites and sneakers covered more area in attempts to spawn. Although preferred territories in
swift water centered on algal mats, territorial residents in quiet water seemed to prefer territories around large rocks.
Males defending rocks had higher reproductive successes than males occupying other substrate types. The flexibility of the
males’ tactics was exhibited during one year of study when large males appeared to be absent from the population. During
that year, medium-sized males switched from the satellite to territorial tactic, while small males remained sneakers.
Key words: pupfish, Cyprinodon elegans, breeding, Texas, conditional mating tactics.

The Comanche Springs pupfish, Cyprinodon elegans Baird and Girard, was originally
described from a population inhabiting the
artesian pool of Comanche Springs near Fort
Stockton in Pecos County, Texas. Before the end
of the 1950s, however, depletion of groundwater caused the spring to fail, leading to the
extinction of this pupfish from its type locality
(Hubbs and Echelle 1972). The only remaining natural populations of this species inhabit
spring-fed waters in and near Balmorhea State
Park in Toyahvale, Reeves, and Jefferson Davis
Counties, Texas (Echelle 1975, Davis 1979). As
a result of substantial declines in populations
of this pupfish, this species has been listed as
endangered.
Although the breeding behavior of C. elegans
was described in swift-flowing, cement-lined
canals (Itzkowitz 1969), little has been done to
document its reproductive behaviors in its primary habitat of quiet springs and slowly flowing canals. Here, we describe the breeding
system of a population of C. elegans occurring
in a pool of spring water originating in Phantom Cave, located approximately 8 km west of
Balmorhea State Park. The breeding grounds
of the population comprised a small cove and

adjacent shallow waters (<30 cm deep) with
silt and sand substrate interspersed with submerged rocks and mats of filamentous algae
around which many of the males’ territories
occurred. Total area of the breeding grounds
was approximately 50 m2, accommodated the
territories of nearly 20 males, and was bounded
by dry land or deeper areas of the spring.
Although all apparent breeding occurred in
the shallows, the deeper water housed most of
the population. Fish were observed during the
last week in April 1996 and the first 2 weeks in
May 1998 and 1999. We attempt to characterize the behaviors seen in this population in
relation to behaviors observed in swift water
(Itzkowitz 1969). Although the future status of
the Phantom Cave population is questionable
due to failure of the spring, healthy populations of this species remain in 2 refuges within
the state park (Hubbs 2001).
Members of the genus Cyprinodon are typically small in size with stout bodies and short
fins (Itzkowitz 1974); in both swift and quiet
water, C. elegans has a similar but more elongate body plan (Itzkowitz 1969, Echelle 1975).
Individuals of this species are generally grey
and drab with dark speckled coloration and

1Department of Biological Sciences, Lehigh University, Bethlehem, PA 18015.
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blotches that form a faint lateral “stripe”; the
species lacks the dark grey-brown vertical barring characteristic of many Cyprinodon (Page
and Burr 1991). In addition, adult males generally exhibit some blue blotches of nuptial
coloration on their anterior dorsa, although
this is not as brightly developed as in other
species of Cyprinodon (Kodric-Brown 1983).
Adult body size reaches a maximum of about
60 mm total length (Gehlbach et al. 1978, Davis
1979). Reproductively active males observed
at Phantom Cave varied in total length from
30 to 60 mm (mean ± sx–: 45.5 ± 1.12 mm; N =
67). The size of each fish was estimated by
placing a ruler in the water as near as possible
to the fish without disturbing the fish’s behavior. The breeding season of C. elegans appears
typical for the genus; most pupfish breeding
seasons encompass the warmer months of the
year, beginning in late March or early April and
extending into October, with their peaks in
July (e.g., Itzkowitz 1974, Kodric-Brown 1986).
The mating system of C. elegans is territorial, generally promiscuous, and similar to that
of its congeners (for review, see Kodric-Brown
1981). During our observations, spawning sequences typically began with a female entering
the territory of a male. Following the male’s
approach, the female would bite the substrate;
the male then positioned himself alongside the
female with his snout directly behind her operculum. The pair would form an S-shape and
complete spawning with a rapid, jerking movement (Itzkowitz 1969). A single demersal egg
was assumed to have been deposited during
the jerk, as is typical in pupfish (Barlow 1961).
Substrate biting by the female occurred at times
without the pair’s spawning, and the spawning
sequence was not necessarily initiated by substrate biting. After the initial spawning event,
1 of 3 behaviors was frequently observed. First,
the male and female might repeat the spawning sequence, resulting in several sequential
spawns. Second, the female could leave the
male’s territory and enter the territory of another
male, spawning with this 2nd male. Third, the
female could leave the territory and disappear
from view, often leaving the breeding grounds.
Spawning sequences were consistent with those
reported by Itzkowitz (1969), with the exception that females in calm water often spawned
more than once with a given male. No direct
parental care of offspring was exhibited, although defense of the territory by the male
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provides indirect care of developing eggs
(Kodric-Brown 1981).
Male C. elegans were each observed for 15
minutes, or for as long as the focal male could
be followed. As some non-territorial males
ranged widely, they were difficult to follow for
the entire 15 minutes. Observations were recorded onto audiotape and later transcribed
for analysis. Due to errors in recording, some
data from several observed males were missing (e.g., the habitat type occupied may have
been erased or recorded over by data from the
next observation). These males were then
excluded from appropriate analyses. Analyses
were conducted using the statistical software
package STATISTICA, 1998 edition, by StatSoft Inc.
During 1996 and 1999 we observed 3 qualitatively different male mating tactics in C.
elegans; males were divided into 3 size categories, reflecting the 3 tactics. The largest males
present defended territories, while mediumsized and small males adopted satellite and
sneak-spawn tactics, respectively. During spring
1998 large males appeared to be absent from
the population, and only 2 tactics were observed.
Medium-sized males defended territories, while
small males remained as sneakers.
During all years the largest males present
on the breeding grounds defended territories.
In 1996 and 1999 territorial residents ranged
in size from 50 to 60 mm (mean ± sx– total
length: 55.53 ± 0.85 mm, N = 19; 50.0 ± 1.18
mm, N = 9 for 1996 and 1999, respectively).
In 1998 territorial residents ranged in size
from 40 to 50 mm (43.61 ± 1.06, N = 18). Territorial males often defended sections of submerged rocks or algal mats in shallow water
(<30 cm deep), but they also occupied territories covering sand or silt. Unlike C. elegans
occurring in fast-flowing water which were
more likely to defend algal mats (Itzkowitz
1969), territorial males in quiet water tended
to defend territories that included rocks. In
addition, territories that included rocks were
preferentially visited by females. That is, across
the 3 years of observation, males that occupied
rocks spawned significantly more times than
males with territories that did not include at
least 1 rock (median test: χ2(1) = 6.96, P <
0.01; Fig. 1). This was the case even though
the number of spawns was significantly different
among years (Kruskal-Wallis 1-way ANOVA:
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Fig. 1. Medians, 1st and 3rd quartiles, and ranges for
the number of spawns in which territorial males engaged
during spring 1996, 1998, and 1999 (median test, P < 0.01).

Fig. 2. Medians and 1st and 3rd quartiles for the amount
of area covered by males engaging in each of the 3 conditional breeding tactics during 1996 (Kruskal-Wallis 1-way
ANOVA, P < 0.01).

H2,43 = 8.29, P < 0.05). The number of spawns
was similar for 1996 and 1998 (post hoc comparison: Q = 2.01, NS; Zar 1999) and 1996
and 1999 (post hoc comparison: Q = 0.81, NS),
but significantly fewer spawns were observed
in 1998 compared to 1999 (post hoc comparison: Q = 2.60, P < 0.05). This result was most
likely due to differences in the operational sex
ratio of the population during the different
years (Leiser and Itzkowitz 2002).
As in swift-flowing canals (Itzkowitz 1969),
territorial residents in quiet pools spent much
of their time defending the territory against
non-territorial conspecific intruders. In addition, male C. elegans were observed chasing
heterospecific intruders, including Astyanax
mexicanus as well as Gambusia sp. These species
occur in the same habitat as C. elegans and
may be egg predators; heterospecific fish were
not seen attacking C. elegans. Although we
observed territorial males chasing intruders
beyond their territorial boundaries, the residents quickly returned to the center of their
territories. Because of the quiet water, males
neither positioned themselves at an upstream
edge of the territory nor oriented themselves
in any particular direction as they had in flowing water (Itzkowitz 1969). Unlike in canals
(Itzkowitz 1969), territories were contiguous
with relatively stable boundaries, although
boundary fights did occur. Median territory
size in 1996 was 0.225 m2 (Fig. 2).
Intrusions by smaller males into territories
of large males were common. Both mediumsized (40–45 mm) and small males (30–35 mm)
were seen entering the territories of larger
males in attempts to spawn with females.

Quantitative data on conditionally breeding
males were taken during 1996 only. During
that year, medium-sized intruders engaged in
a “satellite” tactic. The largest satellite males
were shorter than the smallest territorial males
but longer than the largest small males (sneakers), ranging in size from 40 to 45 mm (mean
± sx– total length: 43.57 ± 0.92 mm; N = 7).
Satellite males exhibited nuptial coloration
qualitatively similar to territorial males and
initiated aggression against smaller males but
infrequently attacked larger opponents. The
satellite tactic was characterized by the males’
positioning themselves in the water column
above the territories of up to 6 larger males
(range: 2–6 territories), patrolling an area that
encompassed up to several square meters
(median area traversed: 1.71 m2; Fig. 2). There
were significant differences in the areas covered by males engaging in the 3 different tactics (Kruskal-Wallis 1-way ANOVA: H2,43 =
17.85, P < 0.001), and satellite males covered
significantly more area than territorial males
(ad hoc comparison: Q = 2.74, P < 0.05). Satellite males attempted to gain spawning opportunities by interrupting a territorial male’s
spawns or by sneaking spawns with females
when the territorial male was absent. The average percentage of spawns engaged in by satellites by interrupting large males was 76.02 ±
15.3%; on average, 23.98 ± 15.3% of spawns
were achieved during the territorial males’
absences.
The smallest adult males in the population
engaged in a sneak-spawning tactic; males
exhibiting this “sneaker” strategy ranged in
size from 30 to 35 mm (mean ± sx– total length:
31.54 ± 0.667 mm; N = 13). Sneaker males
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initiated little aggression while on the breeding grounds. These males retained a cryptic,
female-like coloration and attempted to gain
reproductive opportunities by either spawning
with a female in the territory of a large male
while that male was preoccupied elsewhere
(11.88 ± 6.54%) or by sidling with a female
while she spawned with either a territorial
male (54.38 ± 15.28%) or a satellite male (8.75
± 6.40%). Sneakers ranged widely, covering
significantly more ground than territorial males
(ad hoc comparison: Q = 3.81, P < 0.05), but
not satellite males (ad hoc comparison: Q =
0.88, NS). Sneaker males traversed an area as
large as 16 m2 (median area traversed: 2.55
m2; Fig. 2). These males entered and exited the
breeding grounds frequently. The presence of
conditionally breeding males has not been
documented in C. elegans (Itzkowitz 1969), but
it has been reported in congeners (e.g., C. pecosensis; Kodric-Brown 1986). However, KodricBrown (1986) described sneak-spawning as a
strictly “opportunistic breeding tactic” adopted
by “individuals, irrespective of size” and not
as a tactic adopted by particular males. The
tactics exhibited by C. elegans males were
clearly conditional; however, C. elegans provides the first example of small males primarily adopting a sneaker strategy.
Although the spring habitat of C. elegans
has been dramatically modified (Winemiller
and Anderson 1997), the breeding behavior of
the Phantom Cave population more closely resembles that typical of other Cyprinodon (for
review, see Kodric-Brown 1981) than did the
breeding behavior in swift water (Itzkowitz
1969). For example, territorial residents spent
much of their time patrolling their territories
in defense against both conspecific and heterospecific intruders, and aggressive interactions between contiguous neighbors were
common. In addition, non-territorial males
attempted to acquire spawns in the territories
of resident males through alternative tactics
(satellite-positioning and sneaking) not observed
in swift water.
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EFFECT OF TEMPERATURE ON BROOD RELOCATION
IN POGONOMYRMEX SALINUS (HYMENOPTERA: FORMICIDAE)
Kirk E. Anderson1,2 and James C. Munger1
ABSTRACT.—Brood movement in response to temperature by Pogonomyrmex salinus (seed-harvester ant) nurse
workers was examined in the sagebrush steppe of southeast Idaho. Shading the mound surface of P. salinus colonies at
dawn caused a decrease in mound temperature and led to significantly less brood accumulation near the surface. In a
related experiment, a lab colony of P. salinus was offered an artificial thermal gradient during the cool/dark portion of
the daily cycle. Nurse workers removed brood from the 21°–22°C range to soils with temperatures between 29°C and
36°C. Daily brood relocation by P. salinus nurse workers is a highly flexible behavior, capable of immediate response to
temperature, and does not appear to follow a strict endogenous rhythm.
Key words: thermoregulation, endogenous, rhythm, circadian, Pogonomyrmex salinus, harvester ant, Hymenoptera,
Great Basin.

Nearly all organisms show predictable daily
cycles of activity. Although some cycles are a
response to environmental cues, most are controlled by an internal biological clock known
as an endogenous circadian (daily) rhythm. An
endogenous rhythm persists in the absence of
environmental time cues and will “free-run,”
thereby revealing its own natural period (Saunders 1976). An endogenous rhythm allows an
organism to anticipate and exploit predictable
environmental variation, whereas a direct response to environmental cues allows an organism to escape from or exploit unpredictable
environmental variation. Some insects possess
strict endogenous rhythms (Alpatov et al. 1999);
others are largely dependent on environmental cues (Odhiambo 1966). Most investigations
thus far have shown a mixture of strong endogenous components modified by exogenous
components (Saunders 1976, McCluskey and
Soong 1979, Roces and Nunez 1996).
In ant colonies internal nest temperatures
directly influence nurse worker activity and
the rate of brood development (MacKay 1985,
Porter and Tschinkel 1993). Bushinger (1973)
reported that 5 temperate species not only tolerate daily nest temperature variations, but
require them for larval development. Temperature selection for brood depends on the behavior of nurse workers (Roces and Nunez
1989). The temperate species Camponotus mus

follows a strict endogenous rhythm where nurse
workers relocate brood at 2 critical times of
the day, when environmental temperature is
expected to reach its maximum and minimum
values (Roces 1995). Nurse workers of Pogonomyrmex salinus and P. occidentalis also transport brood throughout the nest chambers, but
this behavior seems highly dependent on hourly
temperature cues (Anderson and Munger personal observation). Extensive chamber area is
present near the nest surface of many harvester ant species (Cole 1994, Tschinkel 1999)
and may have functional value in brood thermoregulation.
The northernmost species of Pogonomyrmex are P. salinus and P. occidentalis. These
species are ecologically similar; both inhabit
temperate climates, exhibit a daily cycle of
brood relocation during the warm season, and
construct a nest surmounted by a conical
mound. Cole (1994) considered the nest-cone
of P. occidentalis to be a morning solar collector. Brood individuals are taken into the nestcone in the morning as the nest-cone warms,
and then moved to lower portions of the nest
as the nest-cone attains overly high temperatures. At dusk, brood individuals remain in
lower portions of the nest while workers
return to the chambers in the nest-cone and
presumably remain there until dawn, perhaps
in anticipation of warming. Cole (1994) noted
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that those workers in the nest-cone chambers
before dawn are concentrated on the eastern
side of the nest-cone, although that portion of
the nest-cone is not any warmer at that time of
day. This apparent anticipatory behavior in P.
occidentalis suggests the presence of an endogenous rhythm, but also could be explained
by exogenous factors.
Is the brood-tending behavior of P. salinus
capable of exogenous control, showing immediate response to temperature, or is it under
strict endogenous control, entrained by daily
cycles of light and/or temperature? In the present study we disrupted the typical daily cycle
of environmental cues to determine the extent
of endogenous control. Because brood-tending
behavior is normally performed in the dark,
we manipulated the environmental cue of
temperature. Specifically, we examined how
brood relocation in P. salinus is affected by a
shade-induced disruption of the natural morning warming of nest-cones in the field, and a
heat-induced disruption of the normally cool/
dark period in a laboratory nest.
MATERIALS AND METHODS
Field Study
This study was performed on 23 July 1996
in an area of mixed sagebrush (Artemisia tridentata) and cheatgrass (Bromus tectorum)
south of Kuna, Idaho. The terrain is predominantly flat, and soils are of moderately deep
gravelly loam. Twenty-five Pogonomyrmex salinus colonies along a roadside were selected
for study. All colonies had the same slope and
aspect and were surmounted by a well-formed
nest-cone. All colonies were mature, active, and
received about the same daily solar exposure.
Just before sunrise, 13 of the nest-cones
were shielded from the sun with stiff cardboard (approximately 1 m square) supported
at a 45° angle by 3 wooden stakes. The 12 control colonies were disturbed in the same manner but not shaded. Nonshaded colonies alternated spatially with shaded colonies. Shade
construction began at 0615 hours and was
completed by 0730; sunrise was at 0633 hours.
A mature harvester ant nest may extend
several feet below the surface, but only the
uppermost portions of the nests are affected
by daily temperature cycles. Between 0829
and 1130 hours, all 25 colonies were excavated
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to a depth of 20 cm, alternating between shaded
and nonshaded colonies. The excavation procedure was as follows: a shallow groove was
etched east to west across the surface of each
nest-cone to divide the colony into halves.
Then, one-half of the nest-cone was removed
in layers to expose brood chambers, while the
other half of the nest-cone was used to measure chamber depth, with the first detected
chamber representing 0 cm. The number and
depth of brood individuals and the temperature of chambers containing brood were recorded. The total number of brood individuals
above 20 cm in shaded vs. nonshaded colonies
was analyzed using an independent-samples t
test. For graphing purposes brood were classified as (<5) per chamber, (5–10) per chamber,
(10–20) per chamber, and (>20) per chamber.
Temperature was recorded from the surface
substrate of each nest-cone prior to excavation
and at depths of 2.5 cm, 5 cm, and 10 cm. Soil
temperature was measured using a 40-gauge
Cu-CuNi thermocouple (response time <5
seconds) read by an Omega HH25TC digital
thermocouple reader.
Lab Study
A colony consisting of a queen, approximately 250 workers, and 80 brood (mostly pupae
and final instars) was excavated from the field
site. The colony, including nest soil, was placed
in a vertical glass enclosure that measured 50
× 65 × 1 cm, and topped horizontally with a 20
× 30 × 8-cm foraging area. The soil within the
enclosure was equipped with 7 Cu-CuNi thermocouple wires at depths of 2.5, 5, 10, 20, 30,
40, and 50 cm. The lower 40 cm of the vertical
glass enclosure was covered from the outside
with a 1-foot-thick soil/sand mixture packed
firmly against the outside. This soil layer was
moistened and shaded with cardboard to simulate the stability of natural ground temperature. The foraging area was filled with a 2-cmdeep layer of soil and exposed to the solar
cycle to maintain natural light and temperature fluctuations and any endogenous rhythm
present in P. salinus. The colony was allowed
to reestablish its nest structure with the foraging area and upper 10 cm of the glass enclosure exposed to natural outdoor conditions:
LD 16:8 cycle and naturally occurring July/
August climate. Stored seed caches from the
natural nest were transferred to the laboratory
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nest, and the colony was given additional seed
(Lepidium perfoliatum) to harvest from the
foraging area.
After 3 days the colony had established an
extensive network of chambers and tunnels in
the soil. The nest had a 2-dimensional morphology resembling a 1-cm slice of naturally
occurring nests, and the colony had resumed
normal daily foraging cycles. The brood was
tended by about 50 nurse workers and was
concentrated near the queen in 1 medium and
3 large chambers at depths of 35, 40, 45, and
47 cm.
On the 4th day, the colony was offered an
artificial thermal gradient during the middle
of the dark cycle. A 30-cm-square heating pad
was attached to one side of the glass at the top
of the nest. We created a thermal gradient by
placing cardboard of varying thickness between
the heating pad and the glass of the nest. Temperatures in this gradient ranged from 39°C at
2.5 cm to 21°C at 50 cm. Brood individuals
were initially concentrated 5–17 cm below the
heat source. Heat was applied at 2330 hours,
and a stable thermal gradient was achieved
within 30 minutes. Brood location and related
observations were recorded every 30 minutes
between 2330 and 0400.
RESULTS
Field Study
No brood individuals were present above
20 cm in either shaded or nonshaded colonies
excavated between 0830 and 0900 hours.
From 0900 to 1130, shaded colonies contained
significantly less brood in chambers above 20
cm than nonshaded colonies, t (15) = 6.93; P
< 0.0001. Sample means were 6.3 for shaded
colonies and 104.3 for nonshaded colonies.
From 0900 to 1130 hours, brood were present
at a depth of 0–2.5 cm in all nonshaded
colonies, while brood were present at this
same depth in the shaded colonies on only 2
occasions, and in far fewer numbers (Fig. 1).
One of these occasions represents the highest
surface temperature attained by a shaded
colony (29.8°C at 1058 hours).
Shading reduced the surface temperature
of the nest-cone and brood chambers 2.5 cm
deep, but differences were not as great at
depths of 5 and 10 cm. Surface temperatures
of shaded colonies ranged from 20.9°C to
29.8°C, and increased at a rate of 2.5°C per
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hour, while surface temperatures of nonshaded
colonies ranged from 22.8°C to 48.8°C, and
increased at a rate of 7°C per hour.
Lab Study
Location of brood in the artificial nest
shifted markedly in response to the thermal
gradient (Fig. 2). Temperatures in the 35–50
cm region of the nest were relatively unaffected by the addition of the thermal gradient:
20.5°–21.3°C before heat was applied and
20.9°–22.5°C during the experiment. Two hours
after the gradient became stable, only 20% of
brood remained in the region (35–50 cm) where
all brood had been located prior to presentation of the gradient.
At 2400 hours very few brood individuals
had changed position relative to temperature,
and approximately 40% of brood were being
carried by nurse workers. No net pattern of
brood movement was evident. By 0130, approximately 25% of brood were stationary in warmer
locations, nurse workers were carrying 65% of
brood, and the entire colony was very active.
By 0230, most brood individuals were concentrated at a depth of 20–30 cm in 4 large chambers with temperatures in the 29.2°–36.4°C
range (Fig. 2). Also at 0230, worker movement
in the 39.5°C chambers at a depth of 10 cm
was most transient, and brood individuals
were not deposited there but were quickly
transported through that region of the gradient.
The artificial temperature gradient unexpectedly and differentially dried the soil within the artificial nest, creating drier soil patches
within the walls of the warmest chambers. At
0300 hours lines were drawn on the glass to
delineate dry from moist soil. By 0330, the
moist soil had been reduced from 45% to 35%
of the total chamber area. All but a few stray
brood individuals had been crowded into the
moist patches of the 29.2°–36.4°C chambers.
DISCUSSION
Our results strongly indicate that brood
relocation in P. salinus is highly sensitive to
hourly temperature changes and is not a strict
circadian rhythm. First, if a strict daily rhythm
controlled brood relocation in P. salinus, brood
in shaded colonies would be expected to
occupy chambers close to the surface about
the same time as brood in nonshaded colonies.
However, we found that brood movement in
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Fig. 1. Brood abundance and depth in 12 nonshaded (A) and 13 shaded (B) colonies. Data recorded between 0830 and
1130 hours, 23 July 1996, from 25 separate mounds with the same general substrate, shape, and solar exposure. An X
indicates no brood detected in that colony to a depth of 20 cm.
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Fig. 2. Brood abundance and depth relative to temperature recorded every half hour from 2330 to 0400 hours following presentation of a thermal gradient. Heat was applied to the artificial nest between 0 cm and 30 cm (indicated by the
dotted line) at 2330. The thermal gradient (temperatures in bold) became stable at 2400 hours and remained stable
throughout the experiment. The bold line shows the change in mean brood depth over time.

shaded colonies did not occur at the time of
day mounds are usually warmed by the sun,
but instead depended on the temperature of
the nest-cone. Second, if nurse workers were
controlled by a strict endogenous rhythm, no
immediate response would be expected to
artificial heat applied at a time when the soil is
normally cool. However, we found that artificial heat caused significant brood relocation
10 hours prior to the time brood are usually
translocated in the field. In both experiments
nurse workers of P. salinus were highly responsive to sudden changes in the normal
temperature cycle.
Our results contrast with those of Roces
and Nunez (1996) for another temperate species,
Camponotus mus. We found that P. salinus
selected high temperatures for brood during
the cool/dark phase of the diel cycle. However, C. mus did not tolerate a 3-hour advance
in their natural temperature cycle. Instead, C.
mus nurse workers responded to an advanced
thermal cycle by removing brood from an area
of unexpected warm temperature to an area
with cooler temperature. It is apparent that P.
salinus have a different mode of thermoregulatory behavior than that found in C. mus, in
which an endogenous daily rhythm triggers a
thermal-searching behavior in anticipation of

temperature extremes (Roces 1995). The present study does not exclude the possibility of
an endogenous brood-relocation rhythm in P.
salinus. However, it is clear that proximal temperature cues can modify or override any endogenous rhythm controlling brood care in P.
salinus.
The ability to respond directly to proximal
temperature cues would be adaptive for activities that rely on temperature, such as brood
relocation (as has been shown in this study)
and foraging. Harvester ant foragers show significant nonrhythmic activity in response to
temperature. McClusky and Neal (1990) concluded that diversity between the foraging
patterns of 6 species of desert ants could be
explained by a circadian rhythm heavily modified by temperature response. Morton and
Davidson (1988) found that the foraging of 4 of
10 harvester ant species was strictly nocturnal
or diurnal, apparently under endogenous control, while foraging of the other 6 was highly
responsive to temperature. In the genus Pogonomyrmex, an endogenous rhythm apparently
aids the timing of foraging in P. californicus
and P. rugosus (McCluskey and Soong 1979).
Even when a rhythm is evident in harvester
ants, it appears to be easily overridden or at
least frame-shifted by unpredictable environ-
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mental variation. Pogonomyrmex salinus forages during midday when clouds cover the
sun or a tree casts a shadow across the mound
surface (Willard and Crowell 1965). During abnormally hot summer conditions, many species
of harvester ants will shift from diurnal to
nocturnal foraging (Cole 1932, Tevis 1958,
McCluskey 1963, Whitford and Ettershank
1975, Smith et al. 1987). These studies suggest
that immediate response to temperature may
be as influential as light or temperature cycles
in coordinating the daily foraging activity of
harvester ants.
Activity patterns in harvester ants are strongly affected by moisture, and many species of
Pogonomyrmex will forage at odd times if the
soil is wet (Whitford and Ettershank 1975,
Gordon 1991). Brood individuals have a thin
cuticle and are more sensitive than adults to
conditions of low moisture. Moisture patterns
in the nest soils provide an important humidity gradient that harvester ants can exploit to
protect their brood from desiccation (MacKay
1981). The effect of humidity on larval development was dramatic in the fire ant Solenopsis
invicta. Larvae in chambers with less than
100% humidity were not fed by workers, died
of starvation, and were eventually cannibalized (Cassill and Tschinkel 2000). In the lab
portion of the present study, nurse workers
continually moved brood from dry to moist soil
within the chambers, suggesting that brood
relocation behavior in P. salinus is influenced
directly by humidity.
In conclusion, P. salinus nurse workers are
not strictly tied to an endogenous rhythm, but
instead exhibit a high degree of behavioral
flexibility in moving brood to temperatures
and possibly humidity levels that facilitate
brood development. Further investigations are
required to determine the influence of temperature cycles and humidity on brood-relocation behavior. This short-term study addressed
critical hours of the temperature cycle within
a single day. To determine if an endogenous
rhythm entrained by temperature is present in
P. salinus, the brood relocation behavior of
nurse workers should be recorded for several
consecutive days in a fixed-temperature gradient void of usual environmental cues. Future
studies should explore the interaction of temperature and moisture, as nurse workers
appear to respond simultaneously to unexpected changes in these variables.
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EFFECTS OF ELK BROWSING ON ASPEN STAND CHARACTERISTICS,
RAMPART RANGE, COLORADO
Emil B. McCain1, Jordan I. Zlotoff1, and James J. Ebersole 1,2
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Quaking aspen (Populus tremuloides) forests
provide important wildlife habitat and forage
throughout the American West (Reynolds 1969,
Patton and Jones 1977, DeByle 1985, Romme
et al. 1995). They also are important at landscape scales by providing “firebreaks” within
otherwise combustible forests (Brown and Simmerman 1986). North American elk (Cervus
elaphus) browse on bark of mature aspen and
consume young shoots (e.g., Reynolds 1969,
Hobbs et al. 1981, Kay 1997, White et al. 1998,
Suzuki et al. 1999, Kay and Bartos 2000). Several years of bark browsing by elk can completely arrest flow of sap and kill aspen stems
(Packard 1942) or leave open scars causing the
stems to be more susceptible to insects and
disease (Loope 1971, DeByle 1985).
Elk populations have increased markedly
in North America from the 1800s to the present (Kay 1997). Estimates compiled by Bunnell
(1997) from elk managers show an increase
from 100,000 elk in North America in 1907 to
967,000 in 1995. The present North American
elk population may be higher than at any time
in the last 10,000 years (Kay 1997). Estimates
compiled from elk managers in Colorado show
that the population roughly doubled in the 20
years from 1975 (105,000) to 1995 (203,000)
(Bunnell 1997).
In some areas, perhaps especially on winter
ranges (Suzuki et al. 1999), high elk populations are preventing significant regeneration
of aspen stands through very heavy browsing
of young shoots (DeByle 1985, Romme et al.
1995, Baker et al. 1997, Kay 1997, White et al.
1998, Ripple and Larsen 2000). This is a
recent phenomenon and, based on historical
photos, did not occur prior to about 1900–1920

(Baker et al. 1997, Kay 1997, White et al. 1998,
Ripple and Larsen 2000).
In this study in the Rampart Range of Colorado, we compare effects of elk herbivory on
aspen between heavily browsed and minimally browsed stands within 5 km of each other.
We include comparisons of growth rates of
mature aspen stems, a growth response not
previously reported in the literature to our
knowledge.
We gathered data in the Rampart Range
east of Woodland Park, Colorado. A mosaic of
grassy meadows and forests covers the rolling
landscape. On forested south-facing slopes,
areas dominated by quaking aspen occur along
with stands of ponderosa pine (Pinus ponderosa). Forests on north-facing slopes are a
mixture of Engelmann spruce (Picea engelmannii), Colorado blue spruce (Picea pungens),
and Douglas-fir (Pseudotsuga menziesii). The
entire area has forbs, grasses, and shrubs typical of high montane plant communities and
receives an average of 45 cm of precipitation
per year (J. McDermott, U.S. Air Force Academy, personal communication). Bedrock for all
stands is Pikes Peak Granite.
The heavily browsed aspen stands are located
on the United States Air Force Academy Farish Memorial Recreational Area (38°59′N,
105°00′W). Because hunting is not permitted,
this 242-ha property is used year-round by a
large elk population (100 to 200 animals), which
has grown slowly through time (B. Davies,
Colorado Division of Wildlife, personal communication). This property is surrounded by
Pike National Forest where hunting is allowed.
In the minimally browsed stands (39°00′N,
104°58′W) in the national forest, terrain, elevation, vegetation, soils, and size of mature
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aspen stems are very similar to the Air Force
property. Elevations of heavily browsed stands
range from 2800 m to 2815 m and for minimally browsed stands 2795 m to 2830 m. Slope
inclinations are gentle, which makes aspect
relatively unimportant. Aspects are mixed within each browsing intensity and range from
northeast to southeast for heavily browsed
stands and northeast to southwest for minimally browsed stands.
Although several species of wild and
domestic ungulates can affect aspen regeneration (Kay and Bartos 2000), elk are the only
species significant in this area. Estimates of
mule deer (Odocoileus hemionus) densities are
very low due to the poor habitat, an estimated
0.4 to 0.8 animals ⋅ km–2 (B. Davies, Colorado
Division of Wildlife, personal communication). Livestock grazing is not permitted in the
Farish Area, and there is not a grazing allotment in the national forest study area. In addition, no evidence was seen of livestock grazing
in either area.
We determined degree of browsing pressure by proportion of bark scarred by elk
stripping bark. The 2 study areas showed a
remarkable divergence in this character. On the
unhunted Farish Recreation Area, elk browsing is extremely heavy, with all mature aspen
stems virtually completely covered to about
2.25 m aboveground with the rough black bark
created by bark stripping. On the nearby U.S.
Forest Service land, aspen bark shows nearly
zero evidence of bark stripping.
In September 1999 we chose 5 stands of
similar structure and mature stem size in both
the heavily browsed and minimally browsed
areas. These were essentially pure aspen
stands; only occasional, small conifers were
present. Within each stand we randomly chose
one 10 × 10-m plot. In each plot we counted
live and dead suckers (stems <2.5 m tall) and
live and dead mature stems. From living stems
13 to 14 cm dbh, average size of the mature
stems in the stands, we selected and cored 10
stems in each plot at breast height on the
south side of the stem. If we were unable to
find 10 stems that met our criteria in the plot,
we used stems in the same stand as close as
possible to the plot. Growth rates were determined by gluing cores to a board, removing
the top portion with a razor blade, and measuring radial increment of the last 10 years to
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the nearest 0.5 mm under a dissecting microscope.
Densities and percentages of suckers and
mature stems were tested for differences between the 2 treatments with 1-way ANOVA or
with the Kruskal-Wallis test when parametric
assumptions were not met. Nested ANOVA
was used to compare growth rates.
Heavily browsed stands had about 60%
fewer live mature trees (P = 0.00) and over a
3-fold higher percentage of dead mature stems
(P = 0.02, Table 1). Total stem density (live
plus dead) was one-third lower in heavily
browsed stands (P = 0.02), and dead stem
density showed a trend toward being higher
(P = 0.09).
Suckers in heavily browsed stands had a
lower live stem density (P = 0.00) and a
higher percentage of dead suckers (P = 0.00),
since we found no live suckers in any heavily
browsed plot. Total (live plus dead) sucker
densities showed a trend toward being lower
in heavily browsed stands (P = 0.08), and dead
sucker densities were not different between
the 2 browsing intensities (P = 0.39).
Mature stems in heavily browsed stands
had radial increments about 1.7 times those in
minimally browsed stands (P = 0.00).
Comparing minimally and heavily browsed
aspen stands that are close to each other and
in ecologically similar situations provides
additional strong evidence that elk browsing
of suckers can drastically reduce or even eliminate vegetative reproduction of aspen. This
has been shown by studies in other locations
in western North America (DeByle 1985,
Romme et al. 1995, Baker et al. 1997, White et
al. 1998, Suzuki et al. 1999, Kay and Bartos
2000, Ripple and Larsen 2000). It also appears
that densities of larger stems may be decreased
by heavy elk browsing through increased mortality of mature stems. The lack of significant
differences in dead sucker densities (Table 1)
may well be caused by some suckers in heavily browsed stands being completely consumed or falling after dying.
The previously undocumented increase in
radial growth increment of mature stems in
heavily browsed stands has 2 possible causes:
decreased competition and fewer resources
allocated to suckers. Several studies have shown
that increased competition for water, light, and
nutrients among aspen stems is negatively correlated with diameter growth rates (Graham et
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TABLE 1. Characteristics of aspen stands heavily and minimally browsed by elk, Rampart Range, Colorado. Suckers
are stems <2.5 m tall. P-values are from ANOVAs as described in the text unless otherwise indicated. Sample size is 5
within each treatment except for radial increment, where it is 50.
Stem type

Heavily browsed
___________________
–
x
sx–

Characteristic
Mature stems
Radial increment, last 10 years (mm)
Live stem density (per 100 m2)
Dead stem density (per 100 m2)
Total stem density (per 100 m2)
Dead stems (%)
Suckers
Live stem density (per 100 m2)
Dead stem density (per 100 m2)
Total stem density (per 100 m2)
Dead (%)

10.53
12.4
13.6
26.0
51.1
0
18.6
18.6
100

Minimally browsed
__________________
x–
sx–

P

0.51
2.96
3.17
3.22
11.16

6.26
33.0
6.0
39.0
14.7

0.30
2.77
2.39
3.11
5.17

0.00
0.00
0.09
0.02
0.02

0
5.30
5.30
0

27.2
13.2
40.4
37.7

9.18
2.63
9.49
8.68

0.00a
0.39
0.08
0.00a

aKruskal-Wallis test

al. 1963, Jones and Trujillo 1975 as cited in
Jones and Schier 1985). In addition, thinning
stands can drastically increase growth rates of
stems ( Jones and Shepperd 1985). In heavily
browsed stands of this study there would
likely be less intraclonal competition both in
the present, due to the lower density of live
mature stems (Table 1), and in the recent past
as indicated by the lower density of live and
standing dead stems combined. In addition,
when suckers are produced in aspen stands,
carbohydrate reserves in the root system supply energy necessary for bud development and
shoot outgrowth (Scheir et. al. 1985). Because
all suckers were apparently killed in heavily
browsed stands, clones presumably allocate
more resources to growth of mature stems.
We thank the United States Air Force Academy for access to some of the study sites and
Jim McDermott of the Academy’s Natural
Resources Department for his assistance and
time. Bill Romme, Charles Kay, and other
anonymous reviewers provided helpful comments on earlier versions of this paper.
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EVALUATION OF SERUM GAMMA GLOBULIN CONCENTRATIONS
IN NEONATAL PRONGHORN IN OREGON
Mike R. Dunbar1
Key words: antelope, Antilocapra americana, failure of passive transfer, gamma globulin, immunoglobulins, nutrition,
pronghorn.

Because placental transfer of maternal immunoglobulins to the fetus is minimal (Hartsook
et al. 1975), mammalian neonates acquire important immune protection through passive
transfer of maternal antibodies in colostrum,
usually within the first 24 hours after birth
(Tizard 1977). Without this absorption (i.e.,
failure of passive transfer, FPT), the concentration of plasma immunoglobulin in the neonate is low, and prevalence and severity of
diarrhea, septicemia, or pneumonia are greatly
increased (McEwan et al. 1970, Logan and
Penhale 1971, McGuire et al. 1976, Sawyer et
al. 1977), possibly resulting in direct mortality
or predisposition of neonates to predation or
other causes of mortality. Poor maternal nutrition, due to malnourishment, may affect passive transfer of immunoglobulins through delayed lactation (Verme 1962, Murphy and Coates
1966) and also may result in a decrease in production of immunoglobulins by the dam (Parkinson et al. 1982). A high incidence of FPT
could be indicative of poor adult female condition and overall poor population condition.
A health evaluation was conducted on the
pronghorn (Antilocapra americana) population
on Hart Mountain National Antelope Refuge
(HMNAR) located in southeastern Oregon
(42°30′N, 119°40′W) in 1996 and 1997 (Dunbar
et al. 1999) because fawn survival was poor.
However, determination of the potential occurrence of failure, or partial failure, in the passive transfer of immunity from maternal colostrum was not conducted. These data could
provide further information on condition of
neonates and their dams.
My objective was to determine the potential occurrence of FPT of immunoglobulins in

1- to 3-day-old pronghorn on HMNAR by
comparing gamma globulin (GG) concentrations with reported data from other neonatal
ungulates, including pronghorn. I compared
data with those in other studies that used the
same techniques I used in this study for determining concentrations of protein fractions.
Parkinson et al. (1982) and Stickle et al. (1994)
believe the use of GG to be a reasonable technique for estimating levels of passive immunity from maternal colostrum because a large
portion of the gamma fraction is immunoglobulin. I also report concentrations of total protein (TP) and other protein fractions for reference. This is the first known published study
to evaluate FPT in neonatal pronghorn.
During May 1996 blood was collected from
52 free-ranging, 1- to 4-day-old pronghorns on
HMNAR as part of a study conducted by
Dunbar et al. (1999). From those samples,
twenty-seven 1- to 3-day-old pronghorn were
randomly selected to determine serum concentrations of TP and protein fractions, including albumin, alpha 1 and 2, beta 1 and 2, and
GG. Age of neonates was estimated with behavioral criteria and condition of pelage, umbilical cord, and hooves (Von Gunten 1978, Trainer
et al. 1983).
Concentrations of TP and protein fractions
were determined by the Clinical Pathology
Laboratory, Veterinary Medical Teaching Hospital, School of Veterinary Medicine, University
of Wisconsin, Madison. Concentrations of TP
were determined with a refractometer (Leica,
Buffalo, NY). Albumin, alpha 1 and 2, beta 1 and
2, and GG fractions, reported as the percentage of TP, were determined with a Corning
Electrophoresis Chamber (Corning Medical

1U.S. Fish and Wildlife Service, Sheldon/Hart Mountain National Wildlife Refuge Complex, Biological Investigations Unit, Box 111, Lakeview, OR 97630.
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and Scientific, Corning Glass Works, Palo Alto,
CA) using universal electrophoresis gel (Helena
Labs, Beaumont, TX) and standard procedures (Barta 1993). The value of each fraction
(g ⋅ dL–1) was calculated by multiplying its
percentage by the TP value for each neonate.
I used 1-way analysis of variance (ANOVA;
SAS 1998) to test for differences in TP and
protein fractions between age-classes (1-, 2-,
and 3-day-old) of pronghorn. A 2-tailed t test,
also in SAS, was used to compare mean GG
levels from my study with those of neonatal
pronghorn captured in Alberta, Canada (Barrett and Chalmers 1979). Significance was set
at P < 0.05.
Mean ± s levels were determined for TP
(4.8 ± 0.5 g ⋅ dL–1), albumin (2.6 ± 0.3 g ⋅ dL–1),
alpha 1 and 2 (0.6 ± 0.3 g ⋅ dL–1), beta 1 and 2
(1.3 ± 0.6 g ⋅ dL–1), and GG (0.30 ± 0.13 g ⋅
dL–1). I found no differences (P ≥ 0.05) among
age-classes for any parameter.
Barrett and Chalmers (1979) captured fortysix 4- to 10-day-old pronghorn in Alberta,
Canada, and found mean ± sx– GG values of
1.13 ± 0.07 g ⋅ dL–1. Compared with pronghorn in this study, there was a difference (P ≤
0.001) between GG values.
Mean values of GG in neonates in my study
were similar to those found in 3 of 6 species of
nonviable, 1- to 2-day-old, nondomestic ungulates (range, 0.2– 2.95 g ⋅ dL–1) in a study by
Stickle et al. (1994) in which FPT may have
contributed to their death.
Parkinson et al. (1982) conducted a study of
captive 2- to 7-day-old mule deer (Odocoileus
hemionus) and found GG concentrations of
0.66 g ⋅ dL–1 in neonates that became sick and
died, possibly a result of FPT. In comparison,
the survivors had GG concentrations of 1.51
g ⋅ dL–1. Also, Sams et al. (1996) reported that
the mean GG concentration in a controlled
study of 1- to 3-day-old white-tailed deer (O.
virginianus) was 1.13 g ⋅ dL–1 in those that survived compared with 0.92 g ⋅ dL–1 in those
that died, due apparently to FPT. GG concentrations in neonates in my study were lower
than GG values from neonatal pronghorn in a
Canadian study (Barrett and Chalmers 1979)
and from nonsurviving neonatal mule deer and
white-tailed deer in studies by both Parkinson
et al. (1982) and Sams et al.(1996).
In a study of horses, Blood et al. (1983)
found that foals with serum immunoglobulin
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values <0.20 g ⋅ dL–1 are indicative of a failure
of passive transfer, values of 0.20–0.40 g ⋅ dL–1
represent partial failure, and levels >0.40 g ⋅
dL–1 represent transfer. Compared with these
values, neonates in my study may have had
failure and partial failure of transfer.
In my study of 27 neonates, nearly 80% were
lost to coyote (Canis latrans) predation and
only 3 (11%) survived, at least until mid-July
(2 months old; Dunbar et al. 1999). Three neonates from this study had low values of GG
(range, 0.04–0.05 g ⋅ dL–1), well below mean
levels (0.30 ± 0.13 g ⋅ dL–1). All 3 died of unknown causes, but evidence suggests predation by coyotes. One neonate that died of starvation at 4 days of age had 0.37 g ⋅ dL–1 GG at
1 day of age, which is within the mean ± s level
of GG from this study. Three surviving neonates, however, sampled at 2 and 3 days of
age, had GG levels of 0.34–0.36 g ⋅ dL–1.
Based on these data, no relationship could
be found between GG levels and cause of
mortality, but illness due to FPT may predispose neonates to predation. Whether neonates
in my study were predisposed to predation
because of low GG values cannot be determined. Coyotes may have killed many of them
before signs of disease could develop. However,
all neonates were considered healthy upon
capture, and none apparently died of disease
(Dunbar et al. 1999). Therefore, incidence of
FPT in neonates in this study is difficult to
determine. The low GG values in this study
may be normal for 1- to 3-day-old pronghorn.
The reason GG values of neonatal pronghorns in this study are low compared with
other pronghorn and several species of other
ungulates is not known. One plausible explanation for the differences between neonates in
my study and those in the study by Barrett
and Chalmers (1979) may be related to age.
Neonatal pronghorn in the Canadian study
were 4–10 days old compared to 1–3 days old
in this study. Mammalian neonates may begin
producing their own immunoglobulins at about
7 days of age. However, this does not explain
the low GG values in my study compared with
those in other neonatal ungulates of nearly the
same age (1–7 days old) reported in deer (Parkinson et al. 1982, Sams et al. 1996) or with values in foals.
Assessing adequate passive transfer of immunoglobulins is a valuable component of the
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health evaluation of free-ranging ungulates. A
high incidence of FPT could suggest a population in poor condition and a management concern. Status of maternal nutrition, particularly
during the last one-third of gestation, can adversely affect the passive process of transferring immunity from adult female to newborn
(Belcha and Kelly 1981, Burton et al. 1984).
Therefore, the low values of GG in my study
may be indicative of poor condition of adult
female pronghorns in this population. Although
maternal nutrition of pronghorns from HMNAR
has been evaluated during the winter (Dunbar
et al. 1999), it has not been evaluated during
parturition. No studies are planned to evaluate
maternal nutrition during this critical time on
HMNAR; however, studies are recommended.
This is the first known published study to
attempt to evaluate FPT in neonatal pronghorn.
Hopefully, data on serum concentrations of
GG and other protein fractions in neonatal
pronghorn provided in this study will serve to
stimulate researchers to collect similar data on
other pronghorn populations for comparison.
I thank the U.S. Fish and Wildlife Service
for funding this study. Additionally, I thank the
staff of the USFWS, Oregon Department of
Fish and Wildlife, and the many volunteers
who assisted in the study. I also thank M.
Giordano for assistance with statistical analysis
and review of the manuscript.
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